




A TREATISE 


ov 


COAL AND COAL-MINING. 


tTT* 




HY 


WMMXGTOX W SMYTH, MA, FRS, 

PItl Ir S 

mill. iNsitcrou oi iiik miviv oi uri rpnuv am> m tiik iimiv 

• UltNW \i t 



I 0 \lH>\' 

viurLK liworiTi u?> \ ch>, 31, i\\ lam;, 

iM>r, 


ff-TV 




PREFACE. 


Tiif. liav(‘ 'iHM'n wriUi'ii iv" ni t 

inciit.iiN .KMiiiiit itid ili(‘ Tiiiii]i‘'> "i 

.111(1 r<ii*>iiii; 't liom tilt jut- Tli(i>'(* wlio .m’ 

\Mili llic (!(*(, iiK <il fli x L'M'.ii lit Hiiri-’i^ 

tiiiliistn iii.iv |iiiili,ili]\ (i'i,i*(t lit till nit!i 

Wllldl JldltKIllS (if flu* sl| .^(M f ll.Ui' !miM M<.|N‘(I 
litii i iiMi>t jiK.id III rcpU tin ii.imm liiiiiM .il'orN'il 
iiK' I li,i'(' .1' t It ,i'i tiiiss,'('i‘ III 

'(i[ilil\ .1 mill'll' \ .c\\ <if till* nil I -iiiil .ii>ii'i 111! 1'^ 

I iiilili'M il 111 \.ii iitiis (liMiK t--, «iiMii ''n'|ii"ii jiinni- 

IICIHC III .1 (l("'Cll|iI Mill 111 till i'-]i?iii'l|l‘|l|" 

ii;;l(iii'< III liiiiiii' iimI .1 1 1111.1(1, .UK I i>l t.n > u,.iiw ji'i'- 

i.iiitiiiiix lll■(‘l|(■(] III! tlic pK M n.iiiiin lit Inn ' .• I.t.‘ 
I’llMlC .lllcillliill ll.l'. ticcll I.IK |ll!\ ( .ll'i lI. w II. tli... 
\\(iik \\.l^ 111 tlic iiiiiiici s Ii.iikK, to i!i( (|iii".ri(in n ' • 
(Iiii.il MMi ()l llic Ciullii '(K . .iini tin* li(i\.il ( 'i'iiii!ii"..(iii, 
ili|iii.iii( il (Iiiiiiil; tin List s|.v..iiiii nj I’.iili.itni'iit, rcs- 
lilics til till' mi|iiii l.iiiri' "I pnn iiliti'4 mil |i(ilific,il 
|■(lltllllIllsl< \^l1l^ iiiiiK* i((iii.iii* ifiiiii tli.m It li.m 
liiilicilii lii’i’ii [iiissililo til (lilt. nil. Ill my olosmir 

iii.i|i!('i till' s.imi' iiipic li.is In'iMi ■sdiiiowlint lirn'lly 
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handled ; and ns I have dwelt, nuL on speculations, but 
on statistical facts and personal observation, 1 have 
seen no grounds, in flic nnnicrous s^iceches and 
writings piodnced within the last six inontlis, for 
wishing to modify my statements. 

Finally, whilst 1 would refer the student for ampler 
details to the ii'eatiscs of HI. CumbcH, M. Ponson, 
and M. Biirat, Mr. I3uiin, Mr. Greenwell, Mr. Ilcdli"^ 
and to other works mentioned m my text, I trust that 
this little introduction to Coal-miiiing bears intemai 
evidence of not being mere extract of books, and tliat 
— w'hilst intended mainly to i-onvcy sound infonna- 
tion to the unpractised — it may, nevertheless, contain 
matter of inteiest for viewers and oveniien, to .i long 
list of whom I have to express my thanks for many an 
instructive and agreeable day nndergrouii^l. 

w. w. s. 


Loxi)u>, S<ifltMbcr, 186G 
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COAL AND COAL-MINING. 


CHAI’TEU I 

THE USE OF COAIi : ITS COMME^O»Vn\T ANTJ JiMENSIOif. 

Is Hieso our modern days, surrounded as we aiu by 
coal fires, steam, and coal jiroducts, it is soniewliat. 
difliciilt to im.if'iiic oursehes m iLc position of the 
e.iily writers on natural liistoiy, who touched with 
uiiccrtniii pen on wliat they thought to he tho Je.idiuy 
ehaiacters of Jl rare and ambip:uons mineral. Many 
of the passaires winch have been cjiioted from ancient 
authors as indicatini^ a Icnowledife of the U'^e of coal 
liavo no reference whatecer to the siihstanec to whah 
wc now line tlie name, but induntc siniply ehaieoal, or 
eseii woud-fuel. The translators of the i iptiiiL-. liave 
Hills einplojed the woid uml in the same xeiise a» the 
Greek unthra e, the Latin corAc*, and tlie Gei man hMc; 
the same, iii fact, as was usual in our own laii'.'uaL'e, 
until wood and charcoal came to be suiii>iaiiled as fuel 
bj their stoiis relatise 

(’cilaiii i.iiieties of tins minend were noticed by the 
nneienlH, altlioii^di with little idea of the pIobablllt^ 
of their receiving uiiy e\teiisnc n]'pliuition. Thus 
TlieofiliiaS'tU'!, the pupil of Aiishule, lu an olt-qiioted 
passage, deseribed, iieaily tlOO \ears ii e., a fossil or 

n 
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stone coal of an earthy character, found in Liguria 
(now the province of Genoa), and in Elm, on the way to 
Olympiaa, capable of kindling and burning like char- 
coal, and employed by sniitlm. Ampehtiis, a block 
stone “ like bitumen,” and Gagaten, or jot, are inon- 
tioncd by Pliiiy tirul others as available for medicinal 
or ornamental piirposcH; but ucitlicr the nntaralnts 
who endeavoured tp describe the various pioducts of 
creation, nor the limtonaiis who enumerated the sourcis 
of wealth of jiarticular countiiea, leave us the impres- 
sion of tlicir having seen or heard of a generally useful 
fossil fuel. It has been attemjited to show that tliu 
early Britons worked coal; and a stone iixe, sfatcil by 
Pennant to have boon found in the out-croji of a co.il 
scam in Wales, lias been uell-nigh worn out in the 
service , but wo have no satisfdctor}' evidence on the 
subject prior to the later ihn s of the Uuiniui oi ciiiiatimii 
when roads had lieen can led through iiiifiiy of the coiil- 
jirodiiciiig districts. Coal ciiulcrs have hceii foiuid 
amid the riiuis of several of the Roman st.itions iii 
Durham, Nortliuinberlimd, and Lancashire, luid iiioie 
recently at Wroxeter, the ancient UriLomuin, tlie 
destruction of wliieli jilaie dates, accoidiug to Sir. 
Thomas Wright, F.S A , fioiii the 6th centur).* 

It 13 not until the tliirteoiith ceiituiy tli.it ue ubtiiin 
clear proof that coals were systematically raised foi fuel. 
In 1:236 King Henry ilL is stated to have granted a 
charter for tins puipimo to the tonnsineii ofKeiMiistle- 
on-T)iie, iiiid so early was the piiKluce of then pits 
attracted to tliedovoiiniig focus of liOiuloii, that by tlie 
beginning of the ne.\t century great cuuipl<iiut uiuse on 

*Th( cindtrBuiro Htill on tho pfroiind mljomin^' tlu lutlh whun 
the Bnu^ AaiMciatiun lxcukuoil usitvd thu bybt in |jtuiibU| lliOu* 
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the injury done hy the coal smoke to the health of the 
citizens. In 130(1, on petition by I’arliament, King 
Kilward I., says Stowe, “by procliiniation, jirohibyted 
the burncing of sea-coalc in London and the suburbs, 
to avoid tlie sulfemus smoke and savour of tlie firing; 
and in the saiiiu proclamation commaiidud all jiersons 
to make their fiies of wood.” Xot twenty years, how- 
ever, jiassed away before the mevilSible consequence of 
a gradually iircsisiiig scarcity of wood followed; the 
baiiihlicd “ sca-coale ” again sailed up the Thames, 
lauded m the capital, and actually cficctcd a lodgment 
111 the royal palace.* From that timo forth, W'lth a 
temponiry check during the civil wars, the coni trade 
grew with the growth of the population, especially of 
liOiuhai and the e.i'it const, and jjart patsu with the 
rapid destruction of the forests. 

On the Coptineiit the coal basin of Zwickau, in 
Saxony, ajqH'iirs to liavo been tho earliest known m 
(TCini.iin , and it is said that its woikiiig can be carried 
back to the time of tho SorbcnwoiuU, about the tenth 
cent HI j. In 1.3-iS tho met.rl-workcrs of that town were 
fill hidden to pollute the air with the smoke of coal 
In Wesipliali.i coals seem to have been dug near Dort- 
iiiund ns eaily as 13(i2. 

The lust mention of co.d-miiiing in Pcotland occurs 
111 a giant executed iii 12yi iii favour of the abbot am. 
con\ent of Duufeinilinc. Coal was probably worked 
on a sni.ill sc.ile in several of the Knglisli and AVelsh 
districts iibout this tune, and we lia\e the evidence of 
the (plaint old traveller, Marco Polo, to show that the 
Chinese were at the same epoch well acipuiinted with 
its use. 

• “Thu Ilistnr} of l<'owiI B'ucl” London, 1841 
n 2 
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One of the earliest nianufactares \rhich depended on 
the use of coal was glass-making, commenced ahont 
1010 on the banka of the Tyne, lii the year l(i35 a 
proclamation of King diaries, prohibiting the impor- 
tation of foreign glass, set forth tliat “ Sir Robert 
Mansell had by Ins industry and gre.it expense poi- 
fected that maunlacturc wth sea-coal, or pit-coal, 
whereby not only Hie woimIs and timber of tins king- 
dom are greatly preserved, but tlie making of all kinds 
of glass IS established here, to the saving of niiicli 
treasure at home, and the employment of great niiin- 
bers of our people ” 

Up to the end of the seventeenth century pit-coiil 
was employed for little else than houseliohl pin poses ; 
but it 18 not ])o'.sil>le to obtain sintistics of ilio ipmu- 
tities raised, excepting the amonnts which were f>hi]iped. 

London and the e.ist and south-east coast, ns well as 

• ' 

some contnieii*'.il jiorts, were supplied by Newcastle 
and Simdeil.ind, winch, nboiil 17(4, shipped oil' m a 
year respeetii ely — 

178,11 i Lhalilraiin, or 17'’,''S0 tuns, 
uid 

0j,7S0 chuldruiis, or 17 1,-!'! tons 

In 1750 the u’/«/ I'l om both ports togellier ainouiited 
- to 1,1 'i3,4.j 7 tons. 

Dublin and the east coast of Ireland weie supjilied 
from Uliiitsliiie and WIiiteha\eii , whilst tlie iei|iine- 
ments of the rest of the coiintri were Miiioiisly tmi- 
tiibuti-d to by siimll woikiiigs m the LniiiMsline, Si.if- 
ford'bire, .irwieksliire, and oilier coalliehls Al.niy 
expetinieiils bad in the iiieanwlnlc been iiietl in St.il- 
fordshire and the Forest of Dc.iii to .siilistiiule pit-coiil 
for wood-cotd 111 the smelting of iron , but before this 
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revolution in commerce could be accomplished, 
one hundred and twenty yeuis were to be occu- 
jiied in trials, (liK!i]i|K)ititments, losses, and delays. 

Me.iiiwliile the beginning of the eighteenth century 
wrts tnaikeil by the lust was criiig stejis of the miaiit, 
Steiim, so soon to develop into the mighty giant, 
de])eiidiiig for his strength on coal, himseli making 
jiossihle tlie extraction of the fuel from uiiiid dif- 
licullies till then iri urniountuble,*aiul opening out a 
thuiis.iiid new iiiethod'i foi its consumption and appli- 
cation. Thus far coal had been s'alued for the pro- 
diiclum of HEAT only : it was now to entci ujion a 
SCI 011(1 phase of usefulness — that of the generation of 
>URCE. Already ingenious minds hud pondered on the 
jiossilnlil} ol raising water Irom the mines by aid of 
the power of steam. Solomon do Caus, a Fiencb 
eiigineei, in his work, pabhslicd in lOl.'), entitled 
“ Lea liaison; des Forces Mouvaiites,” pioposed the 
e\perniient in seieiitific terms; and the IMaiquis of 
AVon ester, in liis “ Century of Iiiveiitioiis,"’ in 10 Vj, 
latliei dimly foie>hudowud what might he done But 
it WA'i resell ed for our coimtijinan, Captain Thomas 
t\i\'!V, to .ippl\ tlie steam praetieally by the inlro- 
diiitiou of the piTiieiple of a vacuum, and to erect 
engines fur the actual unwateiiiig of nuues at Great 
\\oik, HI the jniiisli of Brcage, Cornwall, and in 
sevenil othei lot alines. lu his paper, read to the 
liov.il Sueieti III l(iU9, and in his treatise, “The 
iMiiiei’s I’licnd,'’ l7ii::i, S.i\ery describes the coustruc- 
tion of his fiie-iiigmc, and rciuleia it leii clear that 
although the coals to he used were to he “of ns little 
value as the coals comiiioiily huiiied iii the mouths of 
the coal-]uts are,'’ tins ingenious invention, m which 


^great 

'about 
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the water was first “sucked up” into a receiver bjr^ 
condensing the steam witlim it, and tlicn forced up a 
stand-pipe by the direct iin]mlRe of the steam, required 
at least another step to fit it for general aiqilication. 
This step was tlic mtcrjiosition of a piston, on the 
surface of which the steam slioiild CNcrt its power ; 
and'thc application was ere long mailc by Ncwronien. 
tJomc years, however, before this, Dr. Pajnn, a French 
refugee, had proposed an engine, in winch a jnstoii 
working in a cylinder should be raised by thccxplosiM* 
force of guiipoadcr, and then depressed, on the con- 
denbatiou of the gases, by atmo>>phei ic pressure. Soon 
afterwards lie endeavoured to ulitain the same result, so 
diilicult of regulation with gunpowder, by intiodiicing 
the elastic poucr of steam.* But although cvperiincnts 
were nindo at ceituin niiiics m the Auveigno and in 
Westphalia, I’ujiin’s contrivance was so fir niisuccehsfiil 

Newcomen ajipcars to have been asif^l>ltod by the 
suggestions of Dr. Hooke, the secietary of the l{o}al 
Society, and to have first tried his “ lire-engine” on 
the large scale at a collieiy near Wolvcih.mipton llis 
mode of condensation by cooling the ontMdu of the 
cylinder at every stroke pioved to be ineihcient, and it 
was only when he inh'odiiml an internal jet of cold 
water that success became dwidcil. In concert with 
his assistant, Calley of Daitinouth, lie erected ne.ir 
Newcastle and in Yorkshire seveiiil eiignie'i of LM 
niches ejliiider, and m 17‘^0 constnieted at Whe.il 
Fortune, in Ludgvun, an engine witli ivlinder of 
47 inches diameter, working la-ineh jiiiinjis, to he 
soon followed by others at Wheal lio.se, near lieiliiitli, 

• Tilt r.n|;int. viith ita piHtun {ptilillmi) m diatribi-d and fij'iiind in 

tAe" Attu l.iu'iituiuui,” Lipbi.v, 1707 
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Wheal Ilnsy, and Polffooth mim-s. Coal was burnt 
under their clumsy dome-shaped boilers at a fearful 
rate; but what matter^ Tt must be done, if the hid- 
den treasures of tin in the west, and coal in tlie nortli 
were to bo follonud up to dejitlis that Iiad been pro\ed 
iin.ittainablu by aid of tlie water-jiower at the com- 
inand of tlie iiiines. The con%eiiiencc with wliieh the 
new invent ion could be applied caused it again often 
to be used as .i lifter of water to* the top of water- 
wheels , and thus whether apphing its force diiectly or 
iiidiiectly, it iirosjioicd, and spread through the length 
and lircadlh of the land. A few of these old New- 
comens, or otiiiO‘>plieric engines, working the piimp- 
lods with the intervention of a horizontal “ beam,” or 
“ boh,” and moic or less patched and modified, have 
survived even to our own tunes. 

Aliout the tune tliat the miners began to employ on 
a large f-c,ile»the facilities aflbrded them by the new 
tiiv-ciiginc, there arose fiom another side an applica- 
tion of loal, founded upon its eulorific power and on 
the at tinii td' the gaseous products of its combustion. 
Between- 1730 and IT!!'), Mr. Abiaham Darby, of Coal- 
1)1 ook Dale, in Shiopsliire, hiiceceded atleinrth, through 
the introduction of theproiess of coking, in smelting 
iron with ]iit-coi\l llic iron triule of Great Biitain 
had at tlait jieuoil sunk to a verv low ebb, but was now 
destined to use to .i height w Inch is one of the great 
m.iivels ot all the win Id, and that in a ehief measure 
by the eiiiploviiient of the beds of miiieial fuel so won- 
ilroiisly stored up in close proxiimty to the iron ores 
winch have Ibnneil the great staple of our inauufaeture. 

Still, during all this period wo have no general 
statistics of coal. More and more of it came to be 
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consumed as wood became yearly more scarce, and ns 
population and commerce increased. After the middle 
of the eij^hteenth century a more scientific treatment 
of the fuel and of the steam to be raised by its aid 
be^an to occupy attention, and the devices uhich had 
for their object the economisation of coal, very soon, 
successful as they Avcrc, increased a hundredfold :he 
consumption of the very substance tliey sought to 
spare. Foremost amonpf those was James Watt’s 
admirably reasoned contrivance of a separate vessel 
for the condensation of the steam ; and then followed, 
with the rapid distribution of “ llonlton and Watt’s” 
engines over the whole civilised world, a scries of 
improvements, originating in great part among the 
uncertain adventures of the Cornish tin and cojipcr 
mines, where economy of fuel became one of the 
manifest elements of mining success. The names of 
Murdock, Woolf, Hornblower, Trevithick, and Grose 
arc household words with the miners who arc conscious 
of the great extension of enterprise i\bieh has become 
possible in consequence of the successive introductioii 
of plunger pumps, liigh-]»re88iire steam, expansive 
action, tubular boilers, and the clothing of stciim pipes 
and cylinders. True that each of these inventions has 
had for its aim the reduction of tlie cust of fuel in pro- 
portion to the work done ; but the result is an enormously 
mereased aggregate consumption of coal, with a still 
more greatly multiplied nmuiint of work done dirccth, 
and a superlative increase m the gciieial traflic and 
prosperity of the kingdom. 

Ahoiit the year 180:i there was brought into priictieal 
application another grand emjiloynieiit of eo.iI— the 
lioda'>tion of Lioirr. For upwards of a century 
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various experiracots, and latterly on a manufacturing 
SCI Jo, had been iiindu on tlii^ihtillatioii of coal in order 
to pniciirc tar and ods, u'jnlst tlie application of tlie 
invisible gases ])roiliKed was strangely rugleited, 
uotwLtlistaiiding attention bad been called to tbe 
moderately lighting piuperties of the fiie-dani]! .‘io 
largely evolved fioin many of tbe noitbciii collieries. 
Soon after 17112, Murdock, tbe engineer in charge oi 
sonic ot Ijoulton and \V.itt’8 engines, siiggesteil that, 
tbe gas niiglit be (oiidncted throngdi tubes and em- 
pUned as an economual snhstitute for lamps and 
candles. To light linn on his bomeu.iid way over 
the Cornish downs he used to canv a bag of gas 
under bis arm uitb a lighted jet before him, and 
tradition still tells of bis Irigbteuing tbe bupeistitions 
miners wlioni lie met in the dark, b\ a sudden pqiiLezc 
of bis bag, wba b tliiew out a long flame, taken n»suiedly 
for the lier\ tmigue of tbe arch demon himself. 

The raitid esteiision of the gas mannfactui’c within 
the last two generations need not be dwelt ujion, and 
the vast (piantities of fossil fuel now empUned for this 
iiidispeiisalilc ndjuiiet of oiir model ii cmlixation may 
be imagined when it is remembered that haullj a town 
CMsts within model ale distance of a coalfield oi of 
the sea coast, in wliub g.is is not used for ihe lighting 
of the tboroiiglifaies as w'ell as for that of public and 
private buildings. 

Tbe jear ItsdO witnessetl the cominonceinent of 
another groat diaiii upon oiii eoal-inines. aceompamed 
it IS tniewifli enoriiioiis advantages to other trades, 
but also oiigiii.it mg in what appeared to be a more 
eeonoinie.il use of coal. The applie.ition of the hot 
blunt, by Neilson, to iron furnaces, begun at tbe Scutch 
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works, saved so large a proportion of the coal needed 
for the smelting of each ton of i^ig-iron, that the great 
majority of the iron works wore forced hy competition 
to adojit the same method; and m sinto of a vcr> 
eomnion hchef that the ipiality of the produce was 
tlierchy iii|nrcd, the result has been .in enurnioiis in- 
cic.isc of the total (|uantity of coal nsed for this piirpov, 
with a niiu Ii gi eater lueieasc to the iron trade. If we 
t.ikc, as an e\anii)Ie, the lesiilts in Seotlniid, we find 
tliat the ion of pig-iron, as made in 18~') at tlie Clyde 
lion Woiks, icipiircd (he coke of 8 tons 1^ cwt of 
coal, wliilst in tlio following year the introduction of 
an heated to Vtihr. biinight down the consumption 
licr ton of pig id tons cwta Eight cwta of coal 
weie coiiSHined in lie.iting the hlast, so that the actual 
saving per ton of pig-nouw,is2i tons In 1833, when 
1.1W coal li.id come to bo nsed instead of coke, 1 ion of 
jiig-iion w.is niado witli 2 tons .51 ewts. «f coal,which, 
with 8 cwtN for heating the blast, nude a total of 2 
tons 13 cwts. Hence Ity tlie :.p]il ic.it ion of the hot 
blast, the same anionnt of fuel i educed three times as 
iiiueh iron, and the same amount ot blast did twice as 
much woik as jireviously.* 

Xow tlie pioduclioii of pig-lron in Scotland has risen 
as follows: — 


ISJO 


limn 

‘JII.OOO 

ISIU 

• 

.17,1500 

INI') 


2(10,000 

1S51 

• 

. 775,000 

iSI>l 


‘))U,0(10 

ISbl 


1,158,730 


Whence, at the rates above quoted, tlie total con- 

• I’crcy's “llotiillargy of Iron,” p 398. 
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Buiiiption of coiil in iron siuultiiig wonlil lisivc liecii, m 

isjo ir,i, 2 >o 

IMiil 2,621,071 

It must not howcvci be ('onoliitleil iliiit tins enomiou'. 
devolopiiient in the Scotdi trndo wiis due to the lioT 
blast alone. Cniiciirrent with that ffical iinproveineiit 
was tbe employ lueiit of the .ibiindiint .ind economic.'il 
mixtiiie, the “ bl.ieklmnd,” lor lhe*diM o\ei y of uliich 
l^ntiiin Is indolitcd to Mr Mn>>het lint the in.iiii i.ict 
remains — that every ad\suiee mIiilIi tends to ehe.ij)en 
the ]iiodiictioiia of in.iniif.iitinc enl.ii!;es so widely tin 
field of oiierations, that lUiI, the basis of the whole of 
them, IS al\va}s (knumded m e\ei-meieasin<' ([iiantiti. 

Ill the absenee of ncdiiate thtfo it is estimated tli.il 
III Gieat fiiitaiii about ten iiiillions of tons of coal were 
niised in a jciir at the begmiiimr of this contuiv. The 
continental pjoductioii at the lime was exceedm^dv 
small, the backwardness of many maniilactuies and 
the laiye expanses of finest land havm>f dcla\ed the 
iiuce.sMty for tuimiijjto siihteiiaiiean fuel. A\ ithin a 
short time after the loiieliiMoii of the >rrcat wai, ste.im- 
eiigiiics weie rapidly supplanting or actmeas.iuxili.irie'' 
to watci pow'ei, and the eoaltields of our own mid 
ioieijfii distill ts liee.inie the sieiie of moie acliie le- 
se.irehes. Hut it w'as nut until the f.ieilitation of tialnc 
by means of steamboats and railroads, that tlic stoad^ . 
absoibmj; iiiiirili of tbo present epoili (■oiiiiiieiieed 
When between ISiU and ]S3.j, the loconiotiie eii^rmes 
luiming on wroiight-iion lines, and the eoasting and 
SLM-fjoing steamers, woie proved to ho a trinniphaiit 
success, leading to iimtfitioii in foreign countries, and to 
enormous multiplication in our ow ii, a new system of 
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the (liatnbntion of raAV material may almost he said to 
have heeii started. Kowherc is the lesult more Btiikiiifj 
than 111 the London district, which now' reccnes hv 
sea, railway, and canal, njiwaids of /ire millions of Ions 
[lei iiiiiiiiin, or douhtleas more than the production of 
the entire Iviiii^doni in the c.irlier joins of Ucoige 111 

Many new and stiikiiig applications of co.il hu\>' 
within the last few jeam lewaided the exertions of 
eheiiiists. Tlie once useless and fet id products of its 
distillation lia\e heon made to jield sweet scents and 
sa\ ours. From its vajihtlia aie obtained the pai atfinc oil 
and the heaiuiful tiansliiccnt solid iiarafline, winch in 
hrilliancv and jniritj' excels wax itself, and Iroiu its 
//w/Aa/'uio obtained a jrulaxyof hrilli.iiit eolouis, among 
which neisl oiilj' he nieiitioiied the iiopulni muinr and 
maqcnfn to piove the Mined loims nndor wdiich the 
])iodii(ts of coal ]i<i\e found then way into the useful 
arts • 

The Tnteriial lonal Kxhihition of 18ol, posbihle only 
under these eoiiditioiis of mechanical nd\nnecnient to 
which we have icferied, natniallj' diiectcd the attention 
of jin]uircrs more foicildj' to the st.itistics of mnioral 
produce. It was loiighlv estiiiiiited that for iS'iD 
the ]irodnction of all the British coal-mines was 
42,000,000 tons; Fiance w.'s raising 1,4.1:1,000 Ions ; 
Prussia and Belgium lollow'cd, w'lth smaller (juantit.es; 
and then Aiistiia, with a little above 1,000,000 tons. 

In LS.'):}, Mr. T. V. Hall, of Newcastle, after iiiucli 
investigation, stated the Biitish prodnetioii to he 
hG,-').10,00() tons. 

At length, in IS-ld, through the instrinnentality of 
Mr. Itohert Hunt, of the Goveriiineiit Mining Becord 
Ol&ec, aided by the recently appointed inspectors of 
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(■<ui]-iniiiCH, wo obtain rolinlilo stiitistics ; iiiid tliu 
iollowiii" tiiblo will coniTnand the uttontioii, if it does 
not us-citi* llio iistouishmeut, of every reader. 

Coat. riuiDi otiox op Qiieat JiiiiTAiv 


loim Tfttm 


1811 

(■l,(<bl,l01, 

of whiUi wore OKpf>rtcd 

4, 100,25,1 

ISij 

111, 11 1,1170 

» 

n 

1,070,'II12 

IS lb 

GG, nr 1,410 

•> 

%i 

5,870,779 

1SS7 

oi„m,7o7 


t* 

fc,7 17,718 

18uS 

bl,008,Gl‘l 


>» 

(),i2!),485 *■ 

iRiin 

71,07!l,7b5 


>» 

7,081, '111 

isno 

81,208,581 

» 

» 

7,112,571 

18(11 

85,(111,211 

»* 

>• 

7,222,718 

1S(|2 

83,018,318 


» 

7,604,118 

1HG3 

88,202,215 

>» 

II 

7,520,311 

18Ct 

02,787,873 

•0 

II 

8,0G3,846 

18G5 

08,150,087 

it 

II 

9,170,477 


'flic vast quantity icpreseiited by these iijjures maj 
bo bi ought belbie the eye by the lollowiiig eoiiqiai isoiis, 
snpi)OstTi<!: thirt we take the ajijiroMiiiiitioii of one ton 
being, us it lies densely pneked in the earth, one ciibii* 
yuid. if we take the uiea of laiicoln's liiu I'ldds, 
•uciisurcd up close to the houses, at eleven aeies, about 
the diineiisioiis of the base of the (Ite.il riraniid, and 
I'uuld stack the coal us n.Uure bus done in tlio soaiiii, 
the Mritish coal raised lust year A\ould form, on tiuii 
base, a solid block of the lieiglit of feet, or as 

high as tSnowdoii suimounted by anuthei iiiouiitaiii of 
half its height. 

Again, taking the distance from London to lalin- 
biiigli, four Jiniidrod miles, the same qiiantiiy, siinilui ly 
pailtotl, would hiiild .i wall tlie wliole w.ij, of tw’el\e 

* Thu Imports of ISa-I to 1858 aro from Uiu rptuTiia to the iloiuu ul 
ComiiiuiiH, tho n'liiuiiiiiif; iiiiiiiIiotii uro Likuii Innii tho statiatiis loui- 
pilod li> Mr Ituliorl liuul, F 11 b , ilimiij; ituLui'd UUicc, Jluaouui of 
L’lutlii-al Ooulogy 
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feet thiek an«l mnety-nnic feet high; whilst if pat 
togetlier in the hrokcii siatc in which coni is commonly 
used, it would give a wall of more than double that 
thickness. 

Tins \c!irlv jiriKluction, obhiincd by the hibonr of 
about 240, OdO iiu-n, is pal|>ubly a gigantic effort for so 
siu.ill .ill iiri'ii iis that of our imited conlficlds, aiid 
uiilur.illv cscitcs .‘ipprelieiision for the future. 

The statistics ot flic jiioducc of the mines of moss 
of the Kuroi>o.iu count lies arc well kept up, altluuigli a 
few c.ni only be roughly estimated, and it is interesting 
to compare the 

Avmai Amoi ST iitouicKn hy Tin: Cjiirr CoAL-iiii.uoNc CocNTitiiw 

Tcmi* 


(lir.it lliiliuii unit Iiilina (1‘>GI) 

92,787,873 

t nited M.tkn ol Anioiii t 

(Hhoiit) 14,000,0011 

I’nibnii, inoliidiiig Siltim, Ac (ISbl) 

21,l')7,2l. ) • 

SiNony ntiO 1) 

, 2,'U1,08. » 

Zullvri-eiii Sliilui, liraidt a iliu two 1 lal (ISO.)) 1,704, .ISO * 

Aiiatnv (ISG2) 

1,371,011 t 

llclgiimi (ISOI) 

. 1,000,000 

J'nimu (l.Sli4) 

11,100,000 

liritiali AmtTK in I'olonita (1803) 

(.3 ',8.1 + 

Sp.im 

;i5J,.]lb. 


It is liciioo evident that all hough our favoured 
country has so long t.ikcn the lend, all civilised 
coiiiilrics have entered into the race of coiiipctitnn ; 
and it becomes a matter of anxious iiiqniiy to learn 
under what eiieniiistaiK es the tiensnie is in each 
miiiiliy doveloiicd, and where it is likely to he host 
c\[icuili‘d or loiiacst economised. 

* III tlic oU.cul stiitiiiticii 111 znllniilHur, nt whuh 20 -= 1 ton 

sciirly 

t '1 lie V II nr i niiiiiri IS Ifi kiliiftniiiiniH, thr znlliciitHer 50. 

tie pui1. of ( liiLf L'uiniiiisiiiuucr ot .VIiiiih, IIaIiIiix, 1SG6 
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CIIAFTKR IL 

MODE OP OCCT'llRfcSCE OF COAL. 

The snbstniico receiving tlie iiiitne oP true coal (in 
contradistinction to lignite and brown coal) ii, in 
almost all the eoal-pnjduciiig coimtiiLN, found in beds 
or seams di\idcd Iroin one another by more or less 
thiik strata or beds of shale, sandsione or grit, and 
indurated cl.iy, the whole being teinied eollectiveh’ the 
Coal lleasuios, and belonging to a still larger group of 
stratiticd rocks called the Carbouileioiis Formation or 
System {Si/tltuie houdhirr, or anlhraxifvrn, Fr — Shtn- 
kohlen-qcbu i/c, (Jler. ) . 

It IS dilhiiilt to ilcfino exactly what (constitutes a 
Coal. Several legal tiiais on a giaiul sialc, in Fdiii* 
burgh, London, and in Fiussia, have only snccccded lu 
iiialviiig it more elo.ii th.iii ever that no suittihlo de- 
linition exists, and that whilst all ji.irtics may agree iii 
recognising the characters of a t}]iical coal, ditlerences 
of o])inion will soon ause when the siilMaiice to be 
dettiiiiined appioadies the bouudaiy of the .sliales and 
of the bitumens. 

It IS obviously loose to as^eit that “aiivlhmg is a 
coal which is dug out of tbee.iilh and will burn,’' 
whilst oil the other li.ind it is iiiconveiiieiitly stiut to 
deiiiiiiid aiiv ajipioacli to a detiiiite eoiiiposinoii as 
indispensable to coal AVe may fairlv leijiiu’c of it 
that it he bl.iik oi daik brown, c.ip.ible of diiect 
emplojnient in fiiruaces and liie-jilaces loi the pro- 
duction of heat, liiitlle, and not soluble — like the 
bitumens — in ether, oil of tiupeiitiiie, or benzole. The 
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following iiro the cliiof i-linractcrs of llie various siili- 
st<uiocs rogiirdod n'« coals 

ANrmivciTE (Shmo, Kilkeuiiy, or Crow-coal). 
Bl.\ck, with black stu-ak; fiactuiu, coin Iioid.U ; docs 
not soil the lingers, spccilio giaMtv, 1 3 lo 1 75; less 
easily kindled than other kinds of coal , often decrein- 
tates iiiiidi in buriiiiig; composition, caibon m gie.it 
piopoilioii, genci.ijly UO lo 1)5 per emit , hjdrogeii, 
owgeii, and nitiogcii in iniuiite <|u.iiititic8. 

HiTUViNoiTH Coat,. IJIiuk, of \.iiious Kliados, sfreak 
sometimes gioyish black ; lustic, moic wa\\ tli.iii lliiit 
of iuitliraeile, in some vaiicties dull; fiiietiiro, siib- 
conclioidaJ lo uneven, the siibstanee ofimi divided 1 it 
cleats or joints into paiallel-fiiced figures (ttilnnil coal ^ 
thuof^ <fc)> hp<‘eilio gia\ity, 1 12.5 to I 4 , eoiiiposilioii, 
generiilly lioin 73 lo DO jier cent of caibon, S lo 'll 
jier cent, of o\'\gi'n, Indiogeii, and nitrogen, with (as 
in aiilhiii(.'itoj a variable amounl (3 lo iJO ]im cent ) of 
earthy matter constituting the “ ll^h.” 

The term bdtuiuiwus <oal is somewliiit di-ccptivc, and 
it must be leiiiembered tlnit it does not inean Unit any 
bilmiieii (or miiierid pitch, soluble in ctbei, ibc ) is 
eoiitaincd in it, but that the gases, owgen, lijdiogen, 
and mtrogen, ciiler more hugely into its eonipositioii 
than iimiitliracite, and give it .i more flaming tliaiactei 
in bmiiirig^ Tlie varieties goueMlly lei ognised me 
mostly named afler their application or dnef pio])ei- 
ties rn(‘-6untiiuf, iffaiiioT '^molu'lc'^'i fon!^ noii-iaking 
coal Those, in dill'eieut grades, approach tow.iids the 
anthiamtes, and aie ellle^^y^aIned toreiigiiio and Miiell- 
mg pm pesos. They ollen exhibit, m ]i.nts of tlie seams 
at least, a pceiiliar librous stiiietiiie, jiassmg into ii 
singular tootlied nriiingeineiit of the jiartieles, called 
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conc-vi-ronr, or “ cryliillised toiil ” Soiiiu of these 
“clij ” <()dls will coko, liut tJio siiiiills, fioiii liieir iii)t 
dgglutiii.itiii'', I'iiuiiot bo U‘>t*cMin tliiit ANii'i 

tlu* iwIililKiii, however, of jiitdi or liir to llie .iinoiiiit of 
8 or 10 pel <eiit , the Kiniill may he made into “ p.ili iit 
liiel, ’ oi “ ai>ghiiiiei.ited coal 

Col.iiui-nwl's me those whidi tend to jmtiully fiibc 
when hnining, emitting jots of u.is, and, as a ink, 
giving oir .ihiiiidaiit flame and srnoki' Tlio “ limisohold 
coals'’ .11 e geiicially of this vuind}, and me valued 
111 gre.il. me.isiiie accoidiiig to tlieir fieisloin fioni .I'h. 
Till' “smalls” have the vahiahle properly ot fusing 
logelhei irilohiige masses when diilv heated , w liciuo 
they are almndantly tinned info coke lor nou-siiKlling 
and for limning iii loeoinolives. 

A. siuirle Beam or hod oftc'ii coiitaiiis javers of 
'Iilleient desciiplioiis oi loal, vvliidi may in some 
Cases ad\iinl.u(l)n'>I) h ■ divided fiom one another and 
sejiarakly sold tor diveis eoniniereial jairposi’s 

A n.niai kiilik instance ol this was notu i d l>v mem 
the ‘•Top-hind,'’ a f.imoiis IteibyKline and Yoik«hiie 
seal I, at Ilandsworrh, vvheie its air'll egale thickness 
w.is ;Vi iiielii's. T!ie div ihioiis vveic iis lollows — 


111 hm 


Konrinil . 

ISitt ijil uk bli 
Ihiivs} iui(< vliMllOUs) 
liiiiii')i 111 
III <1 III I ;hl 

'i lip h ml 
Ik.iil Wd 
JkiUoni hill'd 
blight 
Hdfl blight 
Dirt, piii’liiig, 

Uuliiig coul 


2 I th^()^\n a\va> 

«5 ) 

4 fill I'onM' fiipi 
1 giKid loi niiikiiig kHifl Cuke 




8 ■ ‘^converting** Lual, foi SiH.' iuiki'i,r 


1 ) 

(i for liotisp firos 
J lurhotliOku 
9 tu U 

I VI'I> clusl) BOa C0.ll 
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Carmel is commonly consiilcrcd a variety of bitu- 
minous coal, with the beds of which it is not uiifie- 
quently assocuitcd m luiiallcl layers ; but it is a fair 
<luestion whethei it should not, m scieuLilic iionu'ii- 
cliiture, be sepaiated fiom the coals proper. It is black 
or brownish, dull in lustre, breaks with a tint eoii- 
choidal Iracture, is not made u]> like ordiimry (o.il if 
thin lamiiuu, docs not soil the lingers, often coiilaiiis 
teeth and scales of fishes, and, aceorilmg to some of 
our best micioscoinsts, is readily distingiiialiable from 
eoal by the genei.il absence of vegetable stiuctiiM'. Its 
name, fiom caronjl^ a “candle,” is derived from tlie 
readiness with winch it lights and giies olf a slisidy 
flame. Some varieties, howevci — parrot eoal (Scot- 
li^d) and rattlorn (Yorkshiie) — deeiepitate and erack 
loudly on the fire. Cannel is largely emplojed for 
gas-making. 

It IS by no means easy, if at all fea.sible, to diaw' a 
distinct line of demarcation between cannel and the 
black hats., or eiisp shales, which oclui in tin* 

eoal measures, but contain too much earthy matter to 
allow them to be of ])rcscnt value. And between all 
the'le and the toihanite. or “lloghead iiiinei.il," tlieie 
exists a relationship which makes the dilleieiiee onlv 
one of degree This last is a brow'ii, luugli snbsl.nici , 
contaimiig little more than U per cent, oruulioii, (it) to 
fib per cent of volatile inatler, and the “ii'.Ii” .so abun- 
dant and so cqiialily diiiiised tliroiigli tlio Illa•^'^. tli il 
when the mineral has been “bmnt,” or liad the \ol.i- 
tilc parts extnu'ted by distilkitioii, it is taken out of 
the retoit blaiielied in eoloiir, but iii volume looking 
jnst as when it was jmt in. Its great value con- 
Binl*' 111 its oil and ga.s -yielding propeities — a ton of 
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this ininerfil giving as much ns lo, tOQ cubic feet of 
gas, whilst good cauiiels give hut 8,000 to 10,000 
feet. Toibande is classed hy sonic authors as a dis- 
tinct iniueiiil species, and hy others ns a lutuTiiinous 
sbidc. 

Lastly, we have Bbown Coal, or Liovitl, a iriineral 
— more diatiiiclly than auy of the foregoing — toiiued 
of .1 mass of vcgetalilc matter; some stems, m fiiet 
f lignite jiiopcr), ])reseutiiig the appearance of undc- 
composed wood. Colour, brow'u to pitch-hhick; lustre 
sometimes icsmona, sometimes dull; specific gravity 
0‘5 to I'.i, fiiu'tiirc various, hums easily, with a 
sniohy flame and unpleasant odour. Composition, 
iiO to 70 per cent, of railion, a much larger jiroportion 
of osjgeii than in the hituniinnus coals, lijdrogon iftid 
nitrogen about ilio same A large amouut of water 
generallv ]trcsent. Vuiietics of it aio termed — accord- 
ing to their aggregation— /u/c/y-coal {peek kokh‘)y 
v/ff/y-ooal {•Khttjcr ko/itJ), paper -coal or dijsodil, lant- 
coal, ?im//f-C(ial, and cartlnf-coal 

CVitaiii ex.inqiles of the brown coal of the better 
sort so clo“‘'ly resemhlc the good bituminous coals as 
to he indistinguishable hy any trenchant dill'eivnce of 
('oiii[)ositioii 111 appearance. It has, however, been 
usual to ajiply this name to .ill the coals which occur 
in tin Illations more ree'Uit than the true caibonifeimis 
liei lod Thus the name lirown coal — not a veiy happy 
one — embiaees ns niiiiiy qualities and varieties as docs 
tbe old fainil} natno I'OAL, fiom wliicli it is now held to 
be .1 distinct oll-slioot. 

Foragonci.il account of the geologie.il phenomena 
wliicli have to do with the oeuiiience of the eoal- 
naeasurcs, we must lefer the leadei to the “ Treatise 

c 2 
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on Geology,” by the late Gcnornl Poi tlock,* or t » »ionie 
of tbc various “ handboolvs ” and ‘‘ manuals ” already 
before the 2>ublie. AVe have only space in the jiresent 
little volume to deal with tliO'>o parts of the subjeet 
which aic moio specially rehited to the huding and 
woikiiii' of coal. 

Our descriptions will almost cntiiely have reference 
to the sli.ita ot thu true c.irboiiifeioim sjsleiii, as being 
Millioiit comparison tbc most important. It is tlicic, 
m tbc upper part of tbc or “ancient hie” 

division of the cai Ill’s inist, that the great coalfulds of 
the world are soui;lit out and woiked. Ibit some coun- 
tiies, as Italy, for example, aic not foitunate enoiigli to 
possess any of these nitlim the ken of man, and mii'»t 
coliteiit tlionisohes v'ltli bioMii coal alone; otheis, like 
irungiiry, haio brown coal ot several snccessnc pciiods 
and ot very ditfoiciit qualities Minh value mil then 
attach, localh, to this miiiouly amoiig'llie loaK, iind 
the follow iiiij tahle will show with clearness the suecos- 
sioii of the entiie senes of stmta m llieir tine geo- 
logical siqueiiee, along with the dilkieiil classes el 
coal wliiili they hate been piovid to eoiitam. 

It is to be reirieinbeied llial 11111!, •,( the aimexcd tal»le 
eihibils tlie n,iliiial sequence whoioalltlic stiaiaaie 
developed, it fieiiiiently hiipiHuis that some of tlieiii me 
missing fiom tlioir places. Thus, m Jielgiuui .mil 
Xertli France the coal-measuies be immedialelv' lic- 
neatli tlie chalk or eretaecous lieds In Koutli St.ilford- 
filiire the carbonifeioiis limestone aiid otlier sli.il.i 
under the co.il, down to the Silurian locks, aio w.ml- 
ing. In South Franec (St. Ftieiiiic) tdl sti.ititied 
rocks arc absent, and the coal-measures rest directly 

• AVcale's Kndimcnt.tr} Sciica 
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CO\T. AKD COVL-MIMS. 


upon granite. Similarly, it has to be borne in minil 
tliat the coal itself may jHissibly not be present, al- 
though the gionp above it and the groui) below it iimy 
bo m their pliii es 5 but the ovder of the sii2)c) position is 
never clmiigeil. 

Those who learn their practieiil lesson in one single 
eoalhelil aie apt to acquiie notions about the ])li)sical 
conditions which require to be collected by visits to 
oilier distiicts, to make tlicin capable ofgeuei.il appli- 
cation. Thus, whilst the total tliiikiiess of the coal- 
measures in Shropshire and Sontli Stallonlsliire is only 
fiom 1,000 to 1,000 teet in tliicknchs, jii North Slaf- 
fordahire it reaches 5,000 feet, in South Wales 14 , 00 lt 
or 15,000 feet, and m Saarbiiicken, in rrussia, no less 
than 20,000 feet. 

The grout bulk ot the scr’es of rocks, termed (oul- 
mmio'es^ consists of hliales or iiiiliir.iteil slaty clay, 
vaiiously colouied grey, biiusli, 01 blahk {ilod, /nnif, 
butt, metal, &.ci , of the collieis); of dense clays, a bid 
of w'hicli ulinost mvaii.ibly iindeilies e\ery seam of 
coal {^larrnnt, ponnnov, clunch, itLc ) , and of sandstone 
[post, rmlt, or stone) of various degrees of liaitlneN'. and 
roughness of gr.iiu, though seldom coiit.unmg pebbles, 
cxeejit in the str.ita ivhieh occupy quite the lowei pail 
of the scries. The aclual*ljeds of coal, then, fioin .111 
inch or tivo thick, up to 8 or 10 feet (geiieially (nn- 
sidcrcd “ workable” wdicn above 18 niches or 2 iei't 111 
thickness), and making up in the aggiegiite ]ieiliii]>'> 
100 f(‘et of coal, form but an incousiiler.ible ]).iit, in 
dimensions, of the great mass of zocks with which lhe\ 
are inteistrati/ied 

‘\Vhate\or may be the form of the surface of tlie 
ground, it rarelj liappcus that the coal-measures under 
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il", wlietlipv flccp or rIiuIIow, lie in a fl<it position for 
inon* tli.iii il siniill distaurc Tlicy iiro found to niclino 
{ihp or pilvh) iiioro or less ro^ulni ly from llio niodcrnlo 
{iiij^Il's of (5 or S’ to as much ns or SO’, n “ bluii]i 
]>itclun^,” or cvcu m c\(‘(‘ptional cases to 70 or SO 
{nrnivf/ or eift/e so.iiiis) AVhatevcr Iniiipciii m thw 
liny to one of the bods, tbc others are sunilnrly nllcctcd, 
bciimsc tlio sirnt.i tliioughout this system or f'loupnie 
ill! lotiJtiriJi thhi or 

The inclined jiosilion of the hods will nccessnrili 
hung llioni iit some point or other to the sin face, un- 
le'«s they ,iie oveiliinl hyr some lu'wer foimntion tU- 
poMtc'd uncoitlorinuhhj upon the ends of the uj>tiirned 
stiat.i Hence it is that n great insight into the di.i- 
r.icler of n coal distiict mni ho obtained by n ciirefiil 
stud^ of the siiif.icc, esjiecially in brook-courses, ninth 
run moie oi less in the direction of the dij) find use fif 
the seams Jf we follow out the subject oier a laigoi 
niee, lie shall tind ninny laiiatioiis to take place, and 
the coaKield asxuniing a foim which may be tiaced a-, 
on a map it tbc tiaet be siiironnded by oldei foima- 
tioiih, but about iiliieh tbcio Will be umeilaiiity if the 
meaMiics aie obseiied to dip beneath other and iiewei 
groujis of lock. AVhen the beds dip for a while and 
then ascend or use, Ihev foriii a tiovih oi saddle, and 
when 1heyii''e on all sides toiiaids I he sui face, as in 
the KoiesI o( Dean, tiny eon*<tituro a bn^m. The out- 
line of the shapes into wlinb the lo.dlields haie been 
biought bi lh>‘ forci's of cleiation and depression mai 
be studied iii the geologic.il maps; but wheie tliC'^e 

* r*irttiiuo I sf H liaxitlu in \tlin li (nit* portion of thi* (.nal- 

lUCaiiULtH m islii;htl\ iiiit ililo to aiiDth(*r, but tbiis dcK^ uut 
mloifti'u with lilt duutriiit ol the g* utial p u illthsiu ut llio bids 
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forces have oxcrciscil their iiowera on a grander scale, 
the lueasiiTOS arc often folded hack, corrugated, or con- 
torted in Mucli a raannci as to present great complexity. 
Examples of this may he seen in Pcinhrokcshire, at 
Vohster, Somersetshire, and in the I’elgiun eoallleld 
In addition to this general ihsturhancc fiom the 
original — more or less horizontal — ^iiosition in which 
the heJs must have hc'en dc'positcd, they have been cn*^ 
thioiigh hy iiicliiicfl planes of lissnre, and so dislocated 
that they aic now haver on the one side of llie line of 
faull. than on the other. The .unoinit of tln'Ow or 
may he only a few me lies or feet, m whuJi OiSse the 
workings are not much alfei ted ; hut the niovemt'iit 
may in many Mslances he shown to have arrived at 
hiiiidieds, and more r.xrely, to thoiisiiiids, of feet. A 
gie.iti iiiiniher of these tron'ilcK within a small space 
m.iv render a seam of coal so “(.inlty” as to he woitli- 
Icss, W'hilst, if they are filled with cl.i}> and siiilahly 
distant from one another, they serve a nscful pm pose 
in dividing a coaliield into water-tnrht comp.ii tments, 
and a jealous eye is thence kept on their scenrity 
If we now turn hiuk from the huger view of flic* 
whole group of stiata, and look at tin* si'.ira itself, wo 
shall note, tiist, its thiekness, — an ainoiiiit x.irymg 
generally from IS inches to 8 feet Jii Somersetshire 
they eoiitnve to w'ork seams with only 11 indies of 
coal 1 At AV’lutehaven and in the njipc'r mcasiiies in 
Finlslnre, si'ams of 10 and 12 feet tlink .ne worked 
In South Stiflordshire, 30 to 30 feet, at Pii ton, Nova 
Scoli.i, 30 feet, and at rottsville, U.S., 40 feet, arc the 
thickiies'.es of exeeption.il siiims, put togcflier by the* 
superposition of seveial of oidmaiy iliinensions. A 
very thick one will rarely be of clean coal throughout , 
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partinga will oocur, of cloil or viirions piiitliy maiprifil, 
winch, if of !i fpw iiiclips, insiy iiofc dpi .isimi riiiirli iii- 
pnmoiiiPiiLC, hill if tlip)' "ct to ho more than IS inthc'i 
or 2 loot, in.iy pr.ictioally mtorlore with the [iO"i- 
hilily ol woiliirij' ii(lvarita"oously Iron jijritos or 
bi(iKf("< will soiiii‘1 linos run wilh a lino of p.iitiiio', aii'l 
iiocils to ho cai'olully pukod out. Tho p.irtuio;s iiii 
often more ]ilaiiOH of division, .md ,iic then soiiiptiiups 
smooth sill f.io(‘S,'<//</‘«,rpr|Uiiiii^(iiutioii iiiiiiiilpiPiittiii;f, 
huf iiip iiioip ^piipuilly films of hlaik, sofi, iiiiil tihioiis 
po.ih m.ilfpi, ii]i]iaioti<lv iii.ido ii[) of siiiall friionipiits 
of ( .iilioiiisoil wood TliPii poiiios till jdivsir.il coiiditioii 
of tho co.ll, to wluchovoi of tho kinds ahovo cnumcuiloil 
it mav hplon}(. Is it doiiso, Imul mid uiijonilcd, if 
will ho oxpoiisivo to out, 1ml moip vnluahlo liom giving 
a Imup piopoi tioTi ol “loiiiid” oi mii'Sive oiml. Is it 
divided, like tho Doihvsliuo, h) one sot of buchu (i 
s, iiiniimg Inost logulmh pai.illol, it will iiood a 
slioiial dll o( turn of the w'orking faces. Is it, on tho 
loiiti.iiv, divided hy two sots of divisioii.il flivl, as iii 
some of the Nortliorn po.al, the diroetion is not so 
mill'll taut These divisional ]*l.uios nio ^eiiei.dlv al- 
most veitic.d, hut in Pouth AV.ilps (I’ontvpool, ^loi- 
thvr, Ac ) till _v dip 111 a coiisidpiahlo aiiglo : .iiidwlipn 
llipy lieie .mil llioro niool .1 “ruloi ” inclined the olhoi 
vv.iv, tlicv'foriii a loose mass of coal, voiy dangeioiis to 
iiiiw.iiy pollieis 

The //ooi, fhiU, 01 M'nt ipun'iiH'iit, Soot 1 , of the co.il 
IS .111 iiiideK l.iv , ironei.illv sood loi fiio-hiiLk: if soft, it 
IS niit to he.ivo, iiiidor tliopiossuie lioiii iihovo, into the 
opened 10 , ids, .ind groativ to multiiilv p.viionsos. lloio 
.ind Iheie a qnait/oso silt forms the seal, espocuillv 111 
some of tho lowest scams (Yoikshiio, Tianoaslure, &c.) 
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It IS so havd as to wake a capital road stone, known a 
gamstcr, liut ])cars tlic Idsick rootlets thick in it, whio 
we see 111 the ordinary hottom-clay, gparen, ornairant 
The g.inistcr is commonly a foot or 20 melies in thick- 
ness, and has clay again beneath it. 

Lastlj , tliGioq/' or top of tlie so.mi is one of tlic nioi 
impoitaiit items lu the economy of its working. A 
good tenacious simile or hind is the most f.iMiiiiahIc. 
lint rock or sandstone roofs there are, winch mil hoh! 
np for a very great hnwlth of ground, and ionic down 
pietty managcahly, nhilst otheis can haidly he ti ii-tcil 
It is most fortunate that the frequent pl.iiies of division 
which almost mvniiahly s])lit up the coal, do not pass 
nji into the roots It the immediate cover ol the coal 
be too short or soft oi ciaely to stand nell, it niiiy he 
necessary to leave some inelies of coal as a loof, or 
again ((UqieiKling on the stiata o\iilie<iil), it in ij lie 
bettor to np down a foot or two (or cvi>ii four or li\e 
feet hcmctiiueft) to aflbiil security to tlie roads 

It must not he foigotten that altlioiigh the coal- 
seams arc, as a lule, moie peisistent and regiihir than 
any of the beds of rock Aihieh accoinp.iiiy theiii, lhe\ 
are buhjeot to Miriatious which may iiifliienre then 
value, and often Avitlim a small area. The llmnimg hv 
a giadu.il ikqiieshioii of tlie roof till sonicl lines the 
entire coal IS gone, hut for a leilain Avidlli oidv, i, u 
kind of f.iiilt («(/; or mnd), that lias ortenheeinii it iced, 
iiid is ooiitined to one seam, not alleetiiig, oi onli 
slighily, those above it or Ixilow it. An inleiesiiiig 
e\.uiij)lL of tins kind oicui!, at Deiihy Collieiy, Diiln- 
shiTi', Mhore a ehamiel of ;$20 yaids sMde was IdiukI 
cioded 111 the “ deep haid” coal for half a mile iii 
lengih, ” liiUt the iii \t se.im alaive il, the “ iiiijK i son 
coal,” bar piovtJ contiriuoiis, and been woiked o\ei the 
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entire arcn. Anoflicr sort of tliinnirisr is wlierc the 
floor rises, if slinijily, in n “hog-back” or ‘.aihllc , u 
gently, like a swelling iiiidukit ion, w'hii h siibsnh i.ie.iin 
lit 10, ”0, or 40 yiiids, ami is siu feuded sonietimes imt 
ineiely hy the usual iioiinal lhiekin“«s of flu* eoal, hut 
liy .111 e\( fiitional ainount, to make up as it were foi 
Ihe lliinne'.s to w’hicli it had hefoie hccu reduced. 

One of the most noiahic examples of this kind is in 
the line colliery of Seaton Delayed, where tliioiighoiit a 
depie^sioii of 1,000 yards in length hetween the old 
and the new or Forster pits, and foi 120 y.ird^ wide, 
Ihe seam is fiom si\ to seven feet thitk. whiKt onhoth 
sides it dwindles rn])idly till iiiikIi of it is hut 2 leet 
0 UK lies, and h.is heen unwoikahle. 

In the Forest of Dean Ihe Oolefoid high Didf seam, 
avei.igingdl feet thndx, is heic and theic reduced to 
mueh less, aii.l then rapidly ex])ands till (Jlilcs’ Level 
collier)) it attnins t) and e\<*ii 11 feet fliiekne^s. 
Variations so considerable arc more frciinent in the 
lower th.iii the upper (oals, and couiiled with the 
smoothly polished under surface A\hi( h may occasionally 
he Tiotned, le.id me to think that the eo.il must h.i\e 
lemaiii d in a jilastic eonditioii long allei it wasco\ered 
up with sediment, and that it has been mueh sipiee/ed 
and iiioiilded hy the Miiious movements to which the 
stiat.i hii\e been subjected. 

The intiodiu li(>u ol b.iiids of foieigii matter, aspait- 
mgs, between the l.imiii.e of the eo.il, has alre.id) beiii 
•Icscribed ; and these, so apt in paiticulai distiicts to 
niultiply .IS widl as to increase in hulk, are ireipieiitl) 
to be adiled to (he other elements of uneeitaiiiry whii h, 
111 some legions more than others, iviidei coat-mimiig 
a more s])eenhitivo undertuking thaii it at first sight 
w ould appeal to he. 
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CHAPTEU TFT 

ORGAVTO limrAINfl, AND OlliaiN OF COAL. 

Not a douljt o.iu oxis< in the miuds of tliose who h.ivo 
oitlicr oilmen I'd for flicniselves or tiiily ONiimiiii'd the 
dcscnplioii of otliois, that the co.il h.is been |iiodii(:>‘d 
friiiii .111 accnimiLitioii of vatioii'< kinds of tris's lu.il 
bin.ill(T ]il, lilts Tlio bed of fire-diiy or cluiir/i m1iii!i 
lies beiiciitli e.-ich se.uii is full of steins and d.irk fila- 
•iieiits; the shale oveibead is often so eh.ii^cd with the 
bii^htly preserved fronds of feiiis, llatti'iied tuiiiks of 
dees, and various stian^je foinis of h'.if, ns to rii.il .ill 
tli.it can bo shown in a princely eoiisei v.iloiy The 
siiudstonos cont.iiii fi.igiue’itaiy trunks and biiiiiilu's, 
Old the co.ll Uself iii.iy he hcen, on i .ircfiilly di\ idlin' 
its hiininu*, to show the imjuessums of fiiinieioiis vene- 
t.ibles, with at iiiteuaLs a liliii of soft silky ‘‘ tniiKKil 
ih.iTco.il whilst many p.irts iii which The iiii.issisted 
e>o c.iii tr.xeo no htructurc, levcal in their slues under 
the iiiicioscope plain troees. of the h’lora of the pninei.il 
w'oild 

Those appearances v.aiy much in dilferent eo.illields, 
and in the dilfutiiit so.ims of a sinp;le Held. (Jertain 
aiithois, especially Ur Goppert, of Ihesl.iii, an* o| 
o]iiiiioii that m.aiiy se.ims c.iii be R.ifel> distin^'iiished 
by the difl'ereiue of the pl.ints assoei.ited wilh Ihein 
Mr. Salter, following Mr. Jhiiiieyand riofessor I'hillnis, 
has recently endcavouusl to show, for certain sc.inss ol‘ 
our own country, that theie are useful distiiigiiislung 
eharseters in the animal lemaiiis (luolliiscti, lish, A,e ) 
which ('ften occur in the toof shales But the suhjeet, 
noble an'l e\cry w'liy mtcrestiiig, has strangely been 
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left to the ImiidliTi" of ocoasional \isilois of (•(illioiicv. 
and iice(N iiiiicli further iiujmry. 

We Avdl eiKleavoiir to pnt to<retlier a brief syno|isi< 
of the iirincipal foriiiM of veffelatioii vhieh aie met )mI 1 i 
111 Ili(‘ ( n.d-iiiCMsines, ])ieiiiiRm;i: only tliaf whilst soiiu 
.Odd dilleieiit pl.iiils, deiived tioiii tins source, hav( 
been desenbed, a sliort sheteh liko the jneseiitwill be 
mainly useful if it lend the iiM|iiirer to study the woiks 
of sonic of the authors who h.ive lontiibiited to tlii- 
br.iiieli of kiiow'ledjje — Withaiu, Liiidley, and lliillon. 
IhoMifiiiait, (jopiieit, Ihniiev, Sleiiibei*', Coida, 
iJ.iwsoii, Williamson, Jlookei, and Ihiiibiiiy. 

Sk.iij \iii\ A j!;K‘at jnoportioii of tlie aetiiiil eoiil 
aiUHMis to have been loinicd of the |)iitstiiil(> llaHeiied 
tniiiksof tins tree, mostly by cailioiiised Inik tiloin 
They are ponietiines as muili ns 
.‘i to ; feel ill dMinetei and Sd to 
(id feet 111 leiiefli Then beaiitilhl 
lliited .ind svminetrically scaiieil 
ji.iUi Ills ui.i> olten be seen cross. 

Ill" one .inotboi in luxui iiuitconfn. 

Sion 111 the loot fioiiiuiidei wliidi 
I he dial has been reiiioied 1 had 
an excellent ojiporlimity snnie 
)eais nijo, 111 eoiijiiuetioii with 
ill. IJeete.I likes, of obser\iii<i the 
baled iippei sin faces of successive 
steps of tlie Pudley thick coal 
when it w'as beiii^ W'oikcd open to 
the da\ liiflit, and when tlioj all 
showed fine inipiessioiis of s/i/o- 
luria. 

Some 1 hirt\-li\c sjiecies of this tree have boon 
(IcBcribed, but they ajipear to have no analogues in the 
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prchcut M’orld. Stpllai'ia stems of full tliiekness amt 
:i few feet ui Lciglit aie frequently found erect, some- 
times hundreds tos'etlici in a very simyll an'si Ofleii 
tliey stand I).ised ( lusc upon the scum of cnul, uiid most 
unfortunsiielv for the safety of our colliers, since, 
conical as they are, and gcnciully siinouiided hy a 
sniwith surface, they arc apt to diop out without warn- 
ing, 111 .1 mass wei'dung from a few cuts, to a ton. They 
are thus connnonlj knoun as bell-moulds, coAl-i»i]>e-i, 
or cauldron-bottoins, and may he tiaced hy a sliglit 
circular outline, often foniied of bright coal 

Stiomaiiia The curious jdaiit found so nnivcrs.iliy 
in thcchiys oi indurated sills bciuMlIi (lie coal, was long 



biippoH'd to h( lung to a lii^liiiii liiiiiily, hut the 
rescan lies of aMi. I’niiiiev in JaiiK.ishne, and Mr. 
Richard Jh own in Xo\a Siotia, liiive pioved it to he 
the root of bn/illorta. From tlie eeutral boss great 
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nlindruMl .iiiiis oxlcmlcfl in eveiy diioc'tioii, Lriiiuiiiii^' 
orU'iitinius info two, iinil flic sin.iller ones info two 
ii^ain, ami fhiia oeeiipxiii" an aica of iii.iiiy yaids 
t'roMi the little tuherclcs icgul.iilv an linked on tin 
root there hi.inchcdoil muuiiienihle rootlets, whiih we 
now find sijuee/cd info narrow raibonised rilmmU, 
cmifiisedlj infei laced wifh the clay, and sfiefcliinif for 
mail} lc( t away. These c.in only he seen fully devclopeil 
when the foim has heen piescived hy l>Lin;f einheddeil 
in <i (pi.irtzose silf, like the gamsU'r hed of some of 
the lower coals, when it heconieu evident that each was 
attadiedhi a cui ions rounded base resembling: u lull 
and 8(i( ket, joint. 

Lhi'inoiiKN'iii'.oN. Tlic tifcs of this beaiitifullv 
nun ked laniil} also attained a length of upwards of forty 
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feet, and are lefeiiid to s,)nie foifv species. The si/o 
IS the more extiaoidiiiai} when we tiiid that they are 
considered b} botaiiisus to belong to the Lgcopodiacea' 
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or clul)-ni(isscs, tlie laii'esfc of wliu’li now in 

tropiciil clmiiifra iittains ii lui«flit of only 3 foot 
An c-lcg.inl, cone, often found well pre'«em'il in non- 
stone nnioiijj tliu coal sliales, iiiid teiniod ofiWf, 

IS now leco^niscd <is the liuit or catkin ol the 
Lcp?(/oi/t‘ut/j on. 

JIfiloinii, 11 stem fioiii 2 to 1 inches tlnck, lookiiifr m 
oiilhno lik-e ii knoll} Itliicklliorn, in reimled b} D.iwes 
and otlieis to be the loot of Ij'imloilenthon 

( \l\mii’Pn. Jointed and stimted stems oiciiirmji 
abnmliiiill} in some of the shiileN have been coni|).ned 
by llic unle<irned with bamboo, lUidbvtlie e.iiliei tonsil 
hot mists witli Kjinsifii 01 “ hoist 
tails/’ of •jinmitie dinumsions. 
I’nt Ihon^iiMit III IM.) .iildiii ( (i 
iiasoiis f( 1 donlitme; its bein'’ a 
cnjito^imions oi llowei Ii ss jdaiit. 
and the later obsci sal unis i.f 
Diniicy, Jlasses, ami W illiaiiisnji 
.issod.ite ir with Cn/iiiiro'/i nt/i no 
as a (oiiceuti ic ])in t id the s.ime 
tiuiik, blit le.ive .ts aHinitas m 
the iiiodein ssoild more miceilain 
Ih.iii eser. 

Tlie C.ihiinites have also been 
found lu their 01 l•rIlnll eieit ]iiis,- 
tioii, the root end leiiniiiiitiii^ in 
a cone, lo' the most p.iitcnised • 
They seem to h.ive Ibinieil a 
dense biake of jicrhajis half the 
hemht of the Suii//ttna’, 

* The loiiiisil Mid need to be takra loi llio luij of the bIiiii, na 
buiiii tiiiii 1 tij tolkctoia lui u iioli’e snout 
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AsTEKOriiYLLiTHS. Uiidor tins iiiiitic arc f;roujie(l 
scvcr.il kind**, pciliapa iji‘wra of jilaut, ('h.uactcri'iTl 
by llio gTiircfiil sii riiiijjcmont of tlicir Icaflids in the form 



of a star. Somo'of the botanical auflioritios incline to 
consider it the toliaije of the Cahmodrendron, whilst 
oibers annex it to the SpJmwphi/llum, or n edge-leaf, 
and make the entire ^daiit aixnatic. 

CoNii'Eii/N, or Firs. Among the trunks found 
jiehilicd 111 lh'> sandstones, many exhibit under the 
iiiicroscoite a stiiietnrc nJiieh jirovcs them to belong to 
the ar.incarian division of innes, of nliicli the siiecics 
bi ought liom 01 folk Lslaiid is h i\cll-kiu)i\ii modern 
reiireaeiitatne. The cx).d pines weic peculiar fioin 
eontainiiig a verv birsre pith, which, found sepai.itely 
as a iiiiged lylindei, used to be described as an 
independent pl.iiif, under tlie iiaiiic Sfi i iil/i i i/in. 
Angiil.ir, niit-Iookiio' bints, called I'l h/o/khco ptfiii, aie 
referred to this cl iss ol tiees ; and it is siirmised that 
a roundish, ^ulned le.if, which was loimcil} named 

u 
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Cyeloptens, ns being n fern, may have been the fobngo 
of sonic of tbt'ir speeics 

Again, m the films of soft mineral diarroal or 
“ mothcr-of-coal,” which, of the tliickness of a knife- 
blaclo to a (pinrtor of an inch (rarely), run evenly be- 
tween tlic brighter laminsc of the coal, ficqucnt iii 
some, iibseiit in oilier scams, the angular fi.igineiils 
of wooily-looking substance, all mashed up togctliii, 
]iieseiit m many instances this ariiucariiiu stiiietiiri'. 
Other portions exhibit a ba»t tissue, or elongated cellc, 
probably from wood of Sigillarui and JApulotU'ndrm 

Of this confessedly highly-organised class of tiees, 
the most abundant remains are referi od to one genus 
called Dadoxidon. 

FEnNS OB FjiircTTEs. Tlieso graceful relics of a 
former world of vcgctiitio'i ndoru the shaly roofs of 
many of the coal seams, sometimes cle.irly spiend witli 
their black tracery on a grey gi'ound,* a true specmieii 
of nature-printing- at others tossed aiid tumbled in 
wild profusion thioughout sevenil feet in thickness of 
tho roof-stone. A careful eye, and still better if 
aided by a microscope, may often sen their traces in the 
coal itself, and in sonic of its dull iinpioinising pints 
may descry innnincrahle spiciilio or hair-like needles, 
which Ur, Dan son refers to the vascular biinil'cs of 
decomposed plants ot this tribe. 

Certain of the bot.iiiists bavo named and desciibed 
liuiidrcds of species ; others, more Ciiutious, reniiml us 
that considerable difference of appearance may bo seen 
on the several fronds of one jilaiit, or even on tho 
jnnna of the same frond, and that the number of 
species may thence haic to be reduced 

A general resemblance to ferns of the present day 
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must not 1)0 confounded witli identity of species or 



Fig G IVtAiilonii irfcruifUti (I-Culf tialiunl Bi/e ) (I>orcHt of Dm ) 


o\ en genus. It is to be 
oi the coal-mc!\ 8 ure ferns 
me uttcily extinct, and 
tlic'ir place in mature is 
supplied by fresh races. 

I’KCoi'reuis (adherent 
fern). The name Ai.k- 
Tiioi’TEBis is given to 
those species in vrhich 
ihe pinimlca arc long 
and narrow The leatlets 
iidlieie by their base to 
tlie rachis or stem, and 
ill e ti.ii ei sed by a strong 
m id-1 ib, fi uiii n li ich veins 
bi .inch otr.ihiiost jierpcn- 
hculiirly; sonic of them 
simple, some bifurcating, 
but never inteisecting. 
iSometimes found wUh 
flint patches (son) m the 


rcmenibered that the whole 



(Jlaif iidtiirjltfizt ) 


back of the fronds, 
n 2 
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Neurowuris (nerved fern). Leaves more or less 
heari'-sliapcd and entire, not adhering by their base or 
to one another ; veins very fine, dichotomous, arched 
as they rise obliquely from the base of the leaflet, 



bears a general rcseiublanco to the recent Omunda. 
regain, or royal fern. Tlic leaflets Are soiactimes so 
long as to suggest comparison with examples of 
glosaopteris, an oolitic species, and with the recent 
llart’s-touguc. 



Fg 9 Sihdi'iplcnalBUIolia 1 OlingCul’iiry Ntm hiIi (11 ill natural bIzo ) 

SrnEsonuiis (wedge-fern). Very variable general * 
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nsjiect; leaflets contracted at llicir base, lobed, and the 
lowei lobes ].ii "cst, I'cininding tlie observer of our recent 
Adimitum ; veins on the leaflets radiating from tliubasc 

The OnoNioFTHiiis, or tooth-fern, and Lonciioithris, 
or spear-fern, arc genera which occur less frc({ucntly 
than the above. 

Some of these fronds appear to have belonged to 
low idants, others to Inive grown oi^ large and lofty 
trees; and certain trunks, called Cauloptcns and 
l‘oUeop1o'ity exhibiting clear and frequent se.irs left, 
alter the fall of the fronds, arc siiiiposed to have 
been the trce-fenis of the carboniferous period. 

Lastly we must not omit to mention a kind of plant- 
remains which have eng.iged tlie attention of but few , 
but which have- placed au important part in the 
making up of certain coals. 

These arc broad, imiullel-veincil, clong.vted loaves, 
rcfciTcd by autliois to very dilleient plimts. The most 
fiequcnt, winch was described by Cimla as FluMlunu, 
has been since termed Cordaitn (piobably identii,.il 
with Pycnophtjllum, Bron.). The leaies weie not 
attached by narrow bases, but clasped the stem, and 
weio deciduous The vast numbcis of them, layer 
upon Liyer, visible m ceitaiii casts, testily to theur 
having aeciimul.ited in thick banks. 

Ko single ciicuiiistuuce about the coal vegetation is 
more remuik.ilile than its uniformity o\er a largo 
]ioition of the world. It has long been known that a 
great pint of the plants of tins epoch are alike all over 
Europe, and eteii North America. In Aiistialia many 
of them occur, and at Melville Island, in hit. 70*, and 
, in other boreal spots described by Arctic navigators, 
smiilar genera ore found. 
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It haa hcnco been argued that the climate of the 
globo was at tliat period more equable ; niul advancing 
another stci) fiom this basis, the earlier geologists 
supposed that it was owing to a gcueially ihirused 
liiglier temperature — an intermediate stage between 
the original globe, of ftiseii matter, and our own times, 
of a cooler crust. But more accurate invcstigatinns 
have set aside t];iia hypothesis, and shown tli.it the 
gcneial type of the coal flora is that due to a warm — 
not hot — cluuate, in which moisture was vciy abundant 
To account farther for the inordinately liixuvinnt 
growth of tho plants which nuido up the fossil fuel, 
Brongiiiart suggested the hypothesis that the atnios- 
phere must at th<it 2 )criod have contained a much larger 
liereentago of carbimic acid (poison to aniin.d'*, but 
nutriment to iilaiits) thim it does now. And when ive 
consider tho eiiormons volume of carbon in tho coal iind 
cariionaccons beds, which must have been obtained fiom 
carbonic acid, and add to it all tliativliich has been 
locked u^i since iii inukiiig the tlioiisands of feet thick 
of limestone, or caiboiiatc of lime, i\c certainly liave .i 
cause which must have iilaycd its jnirt. What i\eie tin- 
anim.'ils which at this time tenanted the globe, is an 
interesting but difTicult inquiry, when wo consider the 
accidents on which it depends that the i cumins of laud 
animals should be preserved for our study. The 
Archfpnosaurus was the first coal nqitilc found (iii 
Bavaria, 1844), one probably intermediate between the 
batrachians and tlic saunans ; but the last few yeai s 
have added sever.al to the list; one of tlieiii, tlie 
Dendrn prion Acachamm, having been ciiiioiisly fouiul 
by Sir 0. Lyell and Ur. Dawson m the liollow stunqi 
of an elect Sigillaria. 

Quito recently, in November, 1805, Professor 
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IIiiNlcy li.is been nblo to determine, in a collootion of 
hpecirnens obtained fioin tlic Jarrow Colliciy, Kilkenny, 
no less than four, if not five, genera of Amphibian 
Jjabyi iiilliodont reptiles. 

Aiiimij' the other terti‘f>rate animah fishes were 
fominon enouj^h, their teeth, scales, and sjnncs bein" 
abundant in iiitiuy of tlic roof shales. Agassiz 
deseiibed above siiecies from the coal-measures, 
a great ii.irt of them 2 ired.iceons, and ‘stated to be more 
highly organised than any living fish. 

Of the Molliiitca ^aHt quantities arc found, best pre- 
sen ed liy being imbedded, jictiiJicd. in nodules of iroii- 
stouc, or fiatteiied in the bluiles. 

In association with the lower seams of coal, in most 
of our lliitisli fields, shells of a decidedly marine 
character occur Sometimes one seam, sometimes 
several, will o\hibit in its roof of black shale, and 
coninionly withfti a few inches of thickness, multitudes 
of a pecteii or conib-sliell (Aiicuh-pectenpapjraceus), 
and of a curled cliiimbered slicll, somewhat like a 
iiiiiitilus ((roniiiittca hmteit), with rarer examples of 

hinguln^ &c. The bivahc 
Antlii'iwmn, much rcsonibling the Unio, or Hoise- 
lunssel of our fie^h w.iters, is sometimes found m the 
same giouj) of deui/.ens of the se.i. 

Tliiougliout all the middle and upper measures, the 
great bulk iii l.icl of the coal-jiiodiu mg sti.it.i, Authta- 
cow/ alone, with some raie exceplions, out of all the 
above, coutiiiuch u-) existence; but this sometimea in 
such qii.uitities that eiitiie strata (“ mii'sel-bands 
of scveial mclics thiik, are made up of them. To 
these may be added 3Ir. S.iUer’s genus Anthracomyn, a 
mud-bun owing shell, occiiriing ul'io in dense beds like 
those of the modern mussel. Thu black band non- 
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stones of North Stuffordshii-c arc literally crowded 
with them. 

And, lastly, thronpfh the whole range of the coal 
strata there may be noticed, cither attached to other 
fossils or embedded m the stone, the minute spiral 
case of a sea annelid, termed Sptrorbjs carbomriusy and 
tlie seed-lihc valves of a little crustacean, or 

Cyt/wre. The tri\pks of large worms (probably marine) 
occur m great abuiidtiuce in the clay ironstones which 
so often diversify the coal shales, and the latter sonie- 
timcs exhibit the remains of crickets and other insects. 

When we pass downwards to the great foundation 
stone on which our coalfields lest, and witli which the 
lower scams of Scotland and tliose of liussia aie 
associated, we find, in the caibonifcions limestone, a 
senes of strata bearing the most evident traces of 
marmo origin. In part, nollting but hanks of corals 
and cucrinites; in others, iilleil with the wcll-preseived 
shells of Terebratula, Sptn/d'f and VrodiKlux^ they tell 
us plainly of deposits formcil in a sea of iiiodcrate 
deptli; and since the thickness of tlieso beds vanes 
from 000 to nearly 2,000 feet, it seems jiiobablc that 
the floor of that sea must have been more and more, 
though not unifornily, depressed. In tlie period that 
snceeeded — that in which the millstone grit was 
deposited — thei’e is evidence of much disturbance by 
sea tgid land ; gninito and other rocks broken into bits, 
or rolled into pebbles, and waited and dragged about 
by currents and eddies, w'hilst an occasional bed of 
(]uietly settled sbalc reveals the shells of Goniatites, 
JielleropJwH, Linyula, and other denueenH of the sea, 
who had found a lull, either m place or tune, amid 
the turhulence of the period. And througliont tlieso 
strata we find the preparatory symptoms, as it wore, of 
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the great coaJ-makmg epoch tliat was ajiproachuig, in 
stems and impressions of several of the genera of 
plants that were soon afterwards so multiplied. 

Some years ago there were authors of weight who 
inclined to tlic opinion that coal had been funned by 
tlie drifting of large masses of vegetable matter into 
bays or estuaries, and they pointed to tiio “lui'ts” of 
the lower Mississipxu as examples of 0 similar process 
still in action. I3ut since due attention has been paid 
to the constant jircscnce of the roots in the Hour of the 
seams, to the upright trunks — often one series above 
another — and to the high state of preservation of tho 
most delicate remains, it has been generally agreed 
that most of the appearances arc explained by assuming 
that tho vegetation grew on tho spot where we now 
iind it* Some writers there are still w'ho have u 
lioukciing after tho old aijuatic oiigin, and, supported 
by tho evidence of tishcs and marine shells, would 
assign salt water as a habitat for some of the coal 
plants. But with otlieis the doubtful point is whether 
the trees and undergrowtli flourished on diy laud or 
swampy sea margins. We can no longer doubt that 
the under-clay was a true soil, m wliicli the great 
Sigillaroid trees were fixed by their tap-roots, then 
spreading radical branches, and filamentous lootlets. 
How many gcncratiuns of these tiees may have risen 
to maturity and died away betbru tho condi turns wore 
ftivouiuble to their being preserved, it is h.iid to sur- 
mise ; but at length, when a mingled matting of vege- 

* li'r.inz von IloToIdiiigcn uppciim to dcRcrvo tho rrcdit of first ani'- 
gosting tho view Unit tho coal-beds aro tho pc.it-bo{p) ol u former ngi', 
coiivortpd first into brown coal and atlcrnnrdg into stono loal 
(BcobiiChtiiiigun, &c , dio Minorologie butrcllcud, 17TS ) In this 
theory hu was snpportcd by Do Luo, and after many years by 
Hchlotheim, Kuggoratb, and Lindloy and Ilatton. 
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tabic matter, sterna, roots, leaves, &a., bod iiccumulated, 
like the pulpy mass of a moilcru poal-bog, the siii face 
of the area ■was, with much uuiformity, depressed. 
Then would flow back the waters, fiesh or s.ilt, over 
their aiicieiit domain, and, according to the sedniicut 
they were able to caiiy, would dei>osit sand or mud to 
bo one d.iy known as the rock — oi tlic sliale-roof. Tin* 
MoHusca iihove epumcrated then but rowed m the sofV 
ooze, close ujioii tlic top of the buried vcgctitioii ; ni 
many cases the Htuuips of the old forest reniaiiied 
standing, uhilst mud or silt was deposited around 
them, until the cenhal jiortiou of the trunk would lot 
away, serve for a tune as an asylum for some of the 
lizards or l.ind-sli(‘11s of the period, and then get tilled 
muith pctnfjiiig matter. As the water deepened it 
Tvas haunted by iish of many kinds, wlioso e\uvitu fell 
to the bottom and were there buried uji, and thus bed 
alter bed of sediment accniiiukitcd, sometimes to tlio 
depth of a fcAv liiet, sometiines to huudiuds of 3 "ards — 
if the continuous depression of the laiidw’as mamt.iined 
— until circnnistauiMJS favouicd again the foiiiiation of 
a proper soil (the iiiidcr-claj*), and of a giowth of tiees 
and plants, wdien wo sliould have a iccuiieiice of tlie 
same i)h(‘nomcua. 

An enoiiiuius bulk of vegetable matter would be 
needed thus to form one of oiii thicker seams of coals , 
but we '1.1V0 seen how the latter aie generally dii isible 
into seveiul beds, and these again into tlim laiiiiii.u, 
whilst we know that j'eat-hogs of the piesent da_\, 
without tlie sjieci.il adviuitagesof the coal jiiugic,. it lain 
depths of ;J0 01 40 feet, it has been estimated that 
eight feet 1 luck of packed woody sulistance w'ould be 
noeiled to make one foot of coal ; hut we may take it 
for granted that suuh an amount Tvuuld represent only 
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a fraction of tlic total amount of \(.'getation that 
ilonrislicd at the time, since much of it must doubtless 
have escaped fioni the ])teHcrvativc process of inteimeiit. 

AVe cannot allord space to dwell on the chemical 
argument by which this derivation of the ddlerent kinds 
of coal 18 shown to be probable; but the following 
table, borrowed fiom J)r. Percy’s “ Llctallurgy,” sup- 
id les at a glance an illustration of tl|0 successive steps 
in the chaiige liom woody tissue to antlir.ieitc The 
porportions of carbon in each substance being taken at 
the constant amount of 100 , the hydiogeu and o.\\ gen 
will be found to have been more and rnoic eliminated. 



Curbon 

llyilniirt 11 

0x1 cm 

1 

Wood (mcun of 2S ttnol} am) 

100 

U IS 

HI 07 

2 


100 

9 S> 

65 1.7 

3 

Ijignitn (a\ 0 Tjgt' of 13 vunotim) 

100 

H.17 

42 42 

4 

Ten*} .ml roal, South Stiifionlshiro 

100 

b 12 

21 21 

n 

Stt.iiii Loul from tho 'I'jnu 

100 

o91 

IH 12 

(, 

IViitieft Im coil, South W.ilus 

lUO 

■i 7.3 

0 2S 

1 

Anthmutu, Puuiii<}h.iiii.v 

100 

2 SI 

171 


When the buried forest had once been fairly covered 
up by hundreds, and as the l.xiid sank, by thousands of 
feet of rock, wo may concenc it subjected to those 
conditions of pressuic, teiiiiMirtitnre, and moisture, 
which w'cre needed to change it into that condensed 
Ibiin of fuel now so necessary to m.inkiud. 

And when at length, after agi*s of due preparation, 
portions of the coal foiniation were ujdiea\eil into the 
islands and continents, tlie seams of coal weie brought 
into a position to be acivssible to man, and the forces 
of the suiibe.ims, which fell upon the jungles of the 
jirimcval woild, are again unlocked and made subser- 
vient to our use, when >ve now decompose by biiining 
those compounds wliii li had becu called mtu existeucu 
by the solar light and heat 



44 


COAL AND C0AL-MIMN6. 


CHAPTER IV. 

COALFIELUS OF THE NORTn. 

In order to cualde ns to form a due estimate of the 
coal icsouiecs of tlie vanons countries, we must glance 
at the extent and character of the coal-measures as 
they arc dcvcloiie^ m tlio different districts ; and since 
tlic history and commercial importaucc of the coaltield 
of Newcastle give it the |)rc-emmencc, we may conve- 
niently start from that focus of activity. 

It must he premised that the limits of a coaliiehl 
are not to lie confounded with the area coloured ns 
“ coal-uicasurcs " m a geological map j for although 
m some icgions (as in South Wales) it is one and the 
same thing, the co<il-scams U’O often well known and 
largely worked beneath other newer foniiatioiis, whicli 
m a map are represented by tlieir piopcr colour, 
whether they overlie cual-measiircs or any other older 
rocks. We shall, therefore, m many mstiiuces have to 
spoalv of a coallicld as such, where it sigmticH the 
extent of proved coal-prodnciiig ground, whatever the 
mere covering may be comiioscd of. 

On examination of a geological map it will he seen 
that, coming southward from the Dnrlituii coalfield on 
oue Bide of the central chain of North English hill 
country, and from that of Cumberland on the other, a 
large interval separates them fioin tliose of Yoiksliiro 
aiul Lancashire respectively. It will be seen, too, that 
there arc certain features of connection m each case 
between the East and the West, wdiicli it is not so easy to 
establish between Nortli and South, and wo may thcre- 
foro take one division for this choiitcr us mcluding the 
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coal regions north of a line drawn from the mouth of 
tlie Tecs westward through Kendal and the south hide 
of the Lake country. 

About equidistant from the Irish Rea on tlic west 
and the North Sea on the east rises the broad hiiLkhono 
of the hill countiy, composed of the carboniferous hme- 
stoiui witli all its numerous subdivisions so carefully 
studied by the load-iiiiiicrs of thosc^bieezy fells, .iiid 
bearing on its culmin.iting points, and on the high 
ground extending for many miles bieadlh on the ea^t, 
a cajijmig of millstonc-grit. On the west side, oi 
towards IVnrith, tins ni.iin chain has been greatly 
distill bed and almiptly broken at an early geologaal 
peiiod, whilst on the other side the land slopes more 
uniformly from the high gioiind. The stiata lieic, 
inclining gently eastward, partake of the same regula- 
rity, and as wo jiroceed towimls the coast, succeed in 
ever ascending Older till the various coal-seams “put 
ill,” one alter the other, and are at length siinihirly 
capped by llic magnesian limestone, and soon iitli'i- 
u.nds— not ent ott, but suiniouiited — by the sen. The 
field of the llhtlie, Tjne, aiul Wear, so-called altei 
its rivers, extends I'lom the Coquet on the iiovlh to near 
the Tecs on iho south, for about oil miles in length, 
witli a breadth of about 20 miles fm a guMt pait of the 
way, till it narrows to a point when it jiasses north of 
the 111) the, an area in all of TOi miles. I’oi some 
iMiles m liivailtli along the western side, onlv a low' of 
tlie lower seams are worked; then, iii a line ranging 
till oiigh New e.istle .md Ihirh.im, we get the full imni- 
her ol tlie workable seams; and again, lollowing a 
sinuous eoiiise from Tyiiomonth past ITonghton-lc- 
Rprmg to near liishop Auiklaiul, ihe o^ell\lLg 
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petmian formation snccceda, n'presented by a generally 
bold ontlinc of magnesian liincstouo resting on the 
irregular lower red sand, wliieli, fi om its water-bearing 
and loose ])ropertics, piesents great difficulties to tbe 
sinking of shafts eastward of tins line. 

In former days this upper was confounded with the 
loiver (cailionirerous) limestone, and it ivas supposed 
that a liniit was thus formed to the coalfield on either 
side. It was, therefore, almld step, W'hen the Messrs. 
Pemberton, relying on true geological reasoning, de- 
termined to pierce downward from the coast near Sun- 
derland, and seaicli for the bidden coal-measuies below 
Their fimoiis Moukweai month ])it was commeni'ed in 
and had to juss thiough ‘dttO feet of this newer 
formation, towards the bottom of wliieli no less tliau 
3,000 gallons of water per miiiufo had to bo raiscil by 
jmmimig powci, until it was sncces&fully tubbed olT. 
At 2K5 fathoms depth they cut the* Hutton scam, 
Iciving previously intersected the Maudlin or Hciishaiii 
scaui ‘20 fathoms higher. And these results appear to 
establish a cuiious point in the coiifiguiation of the 
coalfield. The seiuiis which thus he luarlj 1,700 feet 
below the sea at Siinderlatid occur at a less depth ns 
they pass to the iioith and to the south, whilst west- 
ward they rise to their outcrop at Howes (Jill — an 
elevation of 740 feet aho^Ai tlic sea, giving a dillennie 
111 level cf 2,440 feet. It would appear, then, that tins 
IS the deepest pait, or a stirt of traiisveiso tiough in 
the stiatification ; but as the measures have gen ei ally 
a gentle inclination eastward, W'bcre they have been 
Slink to along the coast, it yet remains to he pioicd 
whether the deeper part of tlie entire basin does not he 
furtlier seaward, and tliepiobability remains of a large 
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area, of tins productive coalfield extending beneath tlio 
German Ocean. At these deep pits, and thohC of 
Uyliopc and Scaliaiii, also sunk within tlic hist lew 
years at a small distance from the const line, the 
deeper seams of the field have not )'et been reai hed ; 
bnt from sections ohtniiusl m the shallower pits in the 
west, tlic succession is iieifectly well known 

The total thickness of the measures from the lowest 
known scam upwuids may be taken at little more 
than 2,000 feet. Tlic upper half contains only a few 
nnwoik.ibIe beds, the lower li.i1t all the valuable seams. 
In tins held, as iii all others, the thickness and cha- 
racter of a ])articiilar baud of coal will be loiind to 
vary, and that to such an extent as to occasion much 
difiiciilty in identifying the scams of distant 2 )its. A 
coal which is suitable for steam purposes in one part 
of the area, will be iiioic fitted for honsehold use in 
another; and tlint wliidi is the mainstay of a colliery 
m one loc.ility m.iy be baicly traceable in another. 

The chiefly importaiit seams are the following • — 

Flit Tmlicv, 


lUonktnn ind llclilium Full sc.im . J HI 

Ili^hmiin . 6 0 

lUi't il 1(1 il 3 0 

Yiiid (’o.il (M (in ('Oil of ITcUon, b livt) 3 8 

111 iiHhiiin or M ludlin, 4 tu'l 8 ulIil'* al Moiik- 

wiurcioutli . 6 0 

Si\-qiiiirtor . .2b 

Fivo-(iuarUT (I.OW iiuuii lit lUimkwiMniKiiitli) 1 1 

li'iw iii.iiii (lliittoii H( im I flit on thii Won) 6 0 

('io\T ( Il il, g( noRillv tliiii, lit Iviliin 2 3 

Fiii'-ijiiHitor 1 8 

llnlor . . .16 

'rownloj m.iiii . ■> 10 

Stone in,il, or riiu-ijii.irtcr 1 3 9 

j linst} B ink 

SiT-qnirtPT ; 3 4 

Tlini -qiiiirtrr . ... ..26 

iiruLkiiell . . .32 
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The average nnmhcr of scams found to be workable 
in any one section may, I believe, fairly be taken us 
twelve, with about 50 tcct of cool in the aggregate. 

Gicat lulvantagcs exist in the district : first, iu the 
general regularity of the measures, diiipmg at a very 
moderate tingle^ commonly about 1 in 120 ; the con- 
venient thickness of the scams, from 3 to 0 fei>t , tlic 
excellent qualities of the coals, and tlie usual goodness 
of the root, which allows of wide working plates imd 
roads, with a very small expenditure of timber. The 
difficulties arc the considemblc dc]>ths of the sinkings 
in the newer pits, the watery strata to be pierced, iinil 
the large amount of fire-damp giving oil’ by many of 
the seaiiis. 

Faults or sliji-dykcs are few and far between as 
compared with most coalfields, and the nhtn or basal! ic 
dykes, which traverse the district in an eiist-smilli-c.ist 
direction — although they injure the coal on both sides 
of them to a distimeo of some yauls — arc not liauid to 
derange and interfere with them as they do in Scot kind 
and South Stallordsliirc. Among the ordinary faults, 
the most remarkable is the great 00 fathom dike, 
which — appearing on the coast near Cullcrcoats, wlierc 
it displaces the strata to that amount — ranges ]).ist 
Gosfortli to lilaydon, and then entering on the inoie 
hdly ground, may be traced westwaid through the 
liTiu'stono range to the new red sandstone m the m igli- 
hourliood of C.irlislc. Along this part of its coiiise the 
though vaiiuble, is sufficient to inlay, as it ivcrc, 
on Its north side a long strip of coal measuics, iiiid 
thus to give rise to the collieries of Stublick, Midg- 
holin, Tyiidal Fell, &c. 

The lunations in quality of the scams as they range 



COALFIEl-nS OK IIIE KORTII 


40 


tliron 2 ;li this extensive field give rise to (lifr.Mcnt, rom- 
mcrcial applications. The best, “honseliold roiil,” 
comiiioiily called alter the well-known Walhnul 
cvleiidsliom the Tyne to the Wear, and fioni tlic l.i*.!- 
iiaincd TiMT to Castle Eden, and orcujnes auothei ana 
about Jiihliop Auckhind. Tlic deimei wliite-<isli htLani 
coal characterises the distiict b(‘giniiiiig some fi\e 
miles north of the TVne; whilst the leiidei coals, wliicii 
alloid an admirable coke, arc largely worked all along 
the line of the outcrops on Uie west, from Wjlam and 
Jlyliin down to the outskirts of Ihihy Park 

The total production of the Diiiliam and Iforthuni- 
herliiiid fiold, uhicli, in 1S54, was 16,420,015 tons, is 
foi the year 1804 no less than 23, 284,!$C7 tons. Thus 
enormous incre.isc is in groat jiart due to llie lapid de- 
velopnioiit of tlie Cleveland iron distint, in Noilli 
Yoikslmc The non furnaces m tlio three distiiet^ 
led with the coal from this field weie, m 1854, as 
niaiiy as 58; in 1805 they were augmented to 105 
adiially in Idast ; .and as huge qiamlities of Durham 
coke aie now eonvc)ed to the western eo.ist for the 
smelting of the liematice ores, the total quantity of 
co.il thus co’.Minied is probably nmeh more than 
diaibhd in one deecniiiuni. 

CL'anii-Ki.'xi) Co.vLiiKi.n — In the mountain lime- 
stone di>itrict alimit Alston, two oi thieo small seams 
•of anthiacite {trow coal), mostly of but a iew' indies 
thick, have been woiked for lime-biirniiig, Ac , j'ct are 
of little conn leieial importance. JUit a remaikable 
change occuis on llieir ]ms»ing the gieat th/kc, oi fault, 
above desenbed ; for on the line ot the Kowcastle ami 
Carlisle riiihvay one of them has been worked at 
• Dlenkinsop, of good liitnminous character, and no loss 
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than 6 feet thick, surmounted by a limestone roof. As 
these seams pass northirard they increase m number 
and import.mce, till in tlie farther parts of Northum- 
berland they are described by Mr. Boyd as being twelve 
m number, from 2 to 4 icet each ; and thus it is that 
they form an introduction to the senes of limestone 
coals so valuable in Scotland.* 

On the western side of the p^eat limestone chain 
slight indications of much-disturbed coal-seams occur 
near the base of the great Cross Fell escarpment; hut 
the important part of the Cumberland coalfield only 
appears distinctly on emerging from beneath the red 
sandstone cover, south of Wigton, whence it Ia])s round 
the older rocks of the Jjake District, by Maryport, 
Workington, and Whitehaven, to its termination, near 
St Bees. 

Tlio total thfekness of the measures, as well ns the 
number of scams, is notably less thah in the Durhiun 
field, whilst its length is under 30 miles, and its jiroved 
breadth about G miles. The ijiiulity is also inferior for 
household coal, and very much so for coking. Cer- 
tain of the seams are, however, remarkable for thick- 
ness and regularity, as well as the peculiar ciicum- 
stanccs under which they have been worked. These are 
beat exhibited at Whitehaven, where along a coast line 
of nearly 2 miles extensive operations have been carried 
on by Lord 'Lonsdale to the distance of mile under* 
the sea. The strata here dip slightly seaward, but are 
intercepted by a numerous succession of faults ivhicli 
have rendered their exploration unusually difficult and 
expensive. Fortunately, tbo dislocations hare bean of 
such a character as to allow of this largo area being 

• 

* Sac Mr Bnyd’a paper la tbe Transacuoua of the Inalitute of 
Mining IjiKinucn. 
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mainly worked by horizontal roads driven ofT from the 
Willuim, Wellington, Croft, and Sal ton pits, at depths 
of from 100 to 150 fathoms. The principal seams 
(omitting two or three thin beds above and below) 
are as follows : — 

Bannock band, 6 ft 4 ins to 10 ft 11 ini , including 14 ms to 
3 ft 6 ms of “metal" partings 

Strata 20 fins. 

Main band, 9 fL to 11 ft. 9 ms., vith occasional partings of 2 ins 
to 1 ft. 3 ms * 

Strata 40 fms. 

Six-ipiarter band, 4 ft. 

In the year 1705, M. Jars states that operations had 
already been extended to the distance of a quarter of a 
mile under the sea; that three scams were in work : 
an upper, rather stony, 5 feet coal, used for b.ilt-iuak- 
ing; tlie second, 75 fathoms deeper, the Bannock band; 
and the mam band of 10 feet thick. Wooden rails 
were m usc,nnd j:ho drainage was effected by four firc- 
eiigmcs, two of winch stood on tlie sea-shore h'lre- 
dani]) appears to have been very troublesome, and it is 
a remarkable fact that the manager of the mine had 
at tliat early date proposed to the autliorities of White- 
liaven to leml pipes through all the streets of the town 
to light them at night with the natural gas. 

At Workington the seams were also wrought be- 
neath the sea, but os tliey rose towards the bottom of 
the sea, they were followed up too far, and as due pre- 
caution was strangely disregai-ded, the sea burst in m 
1837, and the lanieutable result was the loss of thirty- 
six human lives, and the entire destruction of the 
colliery. Thu same scams are extensnelv worked on 
their rise at the Clifton and other colliciics in the 
valley of the Derwent, and ogam towards Maryport 
and Wigton. 

e2 
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Tlie total prodnction of this coniity has increased 
from 887,000 tons iii 1854 to 1,380,705 tons m 1804. 

CoALFiEiJisoi^ Scotland — In tracin" northwards the 
grc.it calciireons ninss winch forms the inountiiin lime- 
stone of Derbysliiio and Yoikshiro, we have seen above 
that when it enters Ciimherhind and Nortlmmbeiland 
it has aln'ady gri'atly changwl its clitu actcr. Divisional 
strata of shale {jithitc) and sandstone (Juizel) separate 
the bands of limestone, and coal scams make their 
appearance, which, beyond the great 90-f.ithoui dyke, 
attain considerable technical importance. And when 
at length ive ci’oss the border, and enter upon tho 
Scottish area, we find this formation — lapping round 
tlic great npheaved dishicts of older rocks ranging 
Irom Kirkeudlinghtshue to Berwick — to contain a 
vulnahlo and largely-worked sci les of coal-seams. 

llie langeof the carhoinferons formation in Scotland 
extends from the coast of Ajr to flic mouth of tlic 
Frith of Forth, and over an nToguhir widlh of from 
20 to 30 miles, hnt as regards tho ivorkahlc jiortions 
it IS broken up into several distinct fields, purlly by 
the uprising of the lower eo.alless strata, and pai tly by 
the mterlerencc of vast masses of igneous or traji rocks 
(tlie whin of north Fngland), sometimes bedded, and 
at others injected as dykes. 

The full rliickness of the coad-hcaring strata is well 
shown m the coalfield of Midlothian, east of J'ldinhiirgh, 
where a district of about 9 miles long by 2 or 3 miles 
wide, IS ocenpied by “nicasiiics” jieifectly analogous 
in character and contents to tlie Fjnghsli coalfields.* 

* See Mr Millies’ iii count of this c»nlh< Id m tho Trans lloj Bor 
r.(l , and Mr llowcU's description lu Uio Ucinoiis of tho Ueologioal 
Survey, 1861 
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In a total ainoiiTit of ahont 1,200 feet, including a 
mitldlc band of 200 feet of unproductive rock, aie 
developed some twelve seams, mostly from 2 to 5 f«‘et 
tliick, allliougli one of them, tbo “great seam,” attains 
a tbieknoas 8 to 10 feck 
lielow these comes the millstone grit, of 340 feet, 
thick, and then iii desecnding order the airbonileioiis 
limestone, with a total thickness of J,500 feet, but 
uoiitaming, along with only some 40 feet of limestone 
in iiiiiny thin b<uids, a series of about seventeen beds 
of eoal of fiom 2 to 5 feet each (Howell) 

Tlie lowei Imiestoiie is witliout coal. 

JIi. jM.ittliias Dunn, wutirig in 1S.50, gave an in- 
teresting (leseription of the woiking of the outcrop or 
edge coals, whii’li, in a measured section at Niddne 
Colliery, he states to bo twontj-four in number, work- 
able scams, Ml til a total tliickuuss of lio feet of coal in 
4,!J44 feet of measures, included between tbe “ graina- 
cbiim ” or “ diamond ” aliovc, and the “ noi tli grccin ” 
hcam below, uliicli rests iicaily upon the thick ciienmtal 
limestone. 

Tlie I'Mesliirc coaliield, as described by Mr Tiauil.ile, 
piescnts a valuable aiiay of seams, one of vibich — the 
D 3 siirt main seam- -iittams tbe unusual tlmkness of 
21 feet, but this region is much dislocated by faults 
and iiitertercd with by igneous rocks. 

I’assing AvestMaid through Cl.mkmannan, Stirling, 
•ind Linlithgow hliiie, we coiuc to llu* important faelds 
of Laiiaiksliiie and Avrsliire, wbero the eliief features 
mu the iiiliiiii.ible gas or jitiirot coals, tbe moderatcly- 
tbick splint coals, used for iion-snieltiiig, mid the lihiek 
^ bauds, 01 beds of carlioiiaceous ivonsloiic, which luwo 
lor many years been the imuustay of the surprising 
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prodnction of Scotch pig-iron. Mr. Ralph Moore, adopt- 
ing a Bimilar three-fold division to that above cited, 
states the general character of the section to be — 

1. The true coal-measures, 840 feet, from the upper 
4-foot coal down to tlie slaty-band igonstone, in- 
cluding ten seams of S to 5 (and in one case 8) feet 
in thickness. 

2. The millstfiiie grit, 960 feet. 

3. The limestone scries, 2,200 feet, with three beds 
of block-band ironstone, and several scams of good 
coal. 

The importance of the coalfields of Scotland may be 
inferred from the fact that in 1854 the production of 
coal was 7,448,000 tons, from 367 collieries ; in 1804, 
12,400,000, from 497 colhcries. 


CHAPTER V. 

COALFIELDS OF CENTRAL ENGLAND. 

Ik the reader will take in hand a geological map of 
England,* and fix upon the curious rugged hill of 
Mow-Cop, near Congleton, as liis* centre, ho may draw 
a circle with a radius of GO miles, which will enibnicc 
sixteen patches of coal-measures, being fields and 
basins more or less separated from one another. Geo- 

* It has heen thought unnccussary to insert a map in this lilt In 
velumo, when so jniuiy good geological maps on u useful si'.iluaii 
hefuTQ tho public. As n sonos nmuigud ncoordmg to increasing si/c, 
may be neonunended Nir Hod Mnr^biBoii’s littlo nmp pre|iiin,d fur 
the Kiieiuty for tho UiffiiNion of Useful Knowledge , I’mt ibimmy's 
lilugknd and Walus , Knijic's ItnUsh Islos , and Qretnough'a la^o 
map, edited by tho Goologicol Society 
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logically, we have very good reasons for assigning a 
common origin to the whole of them, and considering 
tlieiii to be the separately visible portions of one vast 
deposit, which, in the course of ages, has variously been 
dc 2 JresBed and covered up by newer strata, then up- 
raised and denuded in jiart, so that — after the fashion 
r.f Virgil’s fiimons oak-tree — ^whilst the higher portions 
may have stood 8,000 feet above the crests of the Peak 
of Dorb^shu-c, tlie lower beds approximate to Tartarns 
by dipping down from off the Buxton moorlands to 
a depth of some 12,000 feet beneath the jdains of 
Ohcshirc. And the inductions of geology in this respect 
will at iio distant day be required to solve a question 
of national moment — the continuity and position of 
the coal-measures between these apparently disjointed 
iiagments. 

l^ouKSHiRK AND DEBBVSinuE.— From Leeds to Not- 
tingham there ciftonds an unbroken range of coalfield, 
G5 miles long by from 8 to 20 miles wide, inclining on 
the whole gently to the cast, where it is covered in 
succession by the lower red sand, the luagucsian lime- 
stone, and the new red sandstone. Whilst, tlicrefore, 
boniidc<1 on the west by the outcrop of the beds, it is 
on the east only overlaid by newer fonnations, and in 
all piobability extends far lieueath them. 

The thickness of the measures where fully developed 
(which IS not the case until some miles away from the 
outcrop) IS about 3,000 feet, out of which the lower 
several liundrcd feet are chielly noticeable for tbe occur- 
rence of ilagstoiics, and of coals w ith gonistcr floor, 
whilst tlic shales contain the niariuc shells, already 
enumerated at ji. 39. ®ie chief seams of coal and 
ironstone ore found in greater number towards the 
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bottom than the top of tlic measures, and the former 
may l)e taken on the average at sixteen in numbef, 
with 45 feet total thickness of coal. The most remark- 
able of the seams is the “ top-hard,” which, in Uerby- 
shirc, IS 5 to 6 feet, bnt increases on passing into 
Yorkshire, till it becomes the “ llarnsley thick bed,” 
of 9 feet Another scam, now well known in the 
London market, is the “ Cloil” or “ Black Shale” of 
IJoibyshire, tlio*“ Silkstone” of Soath Yorkshire; and 
one of the purest house coals ever seen is the “ Kil- 
biirn coal,” a bed only developed in the souih of 
Derbyshiie. 

Ill these counties, then, with the adjoining Notting- 
lianishiie, we have tlic largest continuous coalfleld in 
England; for we may cslimate that it occupies about 
800 square miles. But one of its most welcome fea- 
tures IS its prolongation c.v8tward, first proved on the 
large scale by the Duke of Newcastle’s sjiiiited siiiKiiig 
at Shircoak, where — commencing in Iho red sandstones 
.it the distance of five miles from the visible coalfield, 
and cutting the top-hard coal at 510 yards decii — it is 
not only shown that all the measures arc in tlieir jiiojicr 
place, but that they maybe expected to lie at nioderute 
depth and an easy mcliiiation. Tt may be ronndly said 
that this success assures us of half ns much again to be 
added to the rcsouiees of the co.ilfiuld, and a speculative 
mind iv-11 reckon on a still Larger augmentation. 

Lancashikk. — More in-egular in form, and ninch 
inteisectcd by great faults which dislocate the strata 
to the amount of hundreds of yards, this coalfield is 
one of our noblest Crossing to the westw.ird the 
ridge of lower rocks winch separate it fiom Yorkshire, 
a watchful eje will recognise tlie le-entiy into the 
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{jround of the various seams which had hoeu seen to 
pass out on the opposite side of the hills. Esiiuciully 
IS this to be noted with the Gamstcr coals, and the 
peculiar fossils m their roofs, and with the Arley mne 
or seam, winch occupies the place of the Slack Shale 
or Silkstoiie. 

As a general feature, although much interfered with 
by the great disloeations, the analogous arrungeinent 
to that of Yoikshirc is observable, viz., that the seams 
iiieliiie oir fiom the high country of the moorlands, 
and are succeeded, after occupying a variable breiulth 
of surfice, by the newer beds of the Permian and 
Trias formations. But the total thickness of carboni- 
ferous strata, as well as the number of coals, is much 
grcatoi than on the eastern side of the chain of lulls. 

Mr. Bitinoy, the assiduous explorer of this field, has 
long hince found it convenient to divide its thickness 
of abme 7,000 feet ni(o thiee XKirtioiis, as follows : — 

1. Upjior coalfield, including the iiccnliar Ardwick 
limestones, with numerous fisli-iemains, and seve- 
ral thin beds of coals 

2 Middle coalfield, 3 ,.jOO feet, coubiiiiing all the 
more important He!iiu.s from the Worslcy four feet 
downwards. 

3 Lower coalfield, oi Gauister sei lus. 

The chief centres of activity are St. Helens, AVig.m, 
Cliorley, Bolton, Manchester, and tlie outljmg ti.iet of 
Burnley The Beams are geiieially fioiii tliiee to six 
feet thick; one of the most noted is the e.xcellent 
Caiiucl of Wigan, three feet, soiiictimes occiiinug in 
close proximity to the “ Kmg-coal and here, as at 
Pendleton, Putiicroft, &c., nciu: Manchester, very 
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extensive collieries are worked at depths of from 400 
to 600 yards. The total iinmlicr of scams above two 
feet in thickness is on the average 16 to 20, with about 
70 feet of coal in the aggregate, whilst the entire area 
is given by Mr. Hull, who has exammed it for the 
Geological Survey, as being 217 square miles. 

Chksiiire. — The Lancashire is continuous on the 
south and east \vith the Cheshire coalfield, so that a 
narrow strip belonging to this latter county exhibits a 
very similar succession of strata. A special interest 
has been given to its minmg by the fine shaft (the 
deepest in England) lately sunk by Mr. Asticy, at 
Dukinfield, to the “ Black Mine,” at the deptli of 080 
yards , and pierced through no less than 22 workable 
coals. Towaids Conglctou this coalfield fines off, and is 
divided by a very narrow interval from that of 

Nouth STAFFOiinsniUE. — Hero a very singular plica- 
tion or fblding of the strata brings m a most valuable 
succession of coal-mcasures, amounting in the whole to 
about 5,000 feet in thickness 

1. The upper portion of 1,000 feet contains a 
quantity of red and puqilc clays, much used m the 
potteries for bricks, &c., and only a few thin coals. 

2. Pottery coals ami ironstone measirres, 1,000 to 
1,420 feet, with 8 to 13 seams of coal of above 
two feet thick, mostly inferior , and 10 to 12 mea- 
sures of ironstone. 

3. JjOibcr thvk wimsMccs, con finning the chief fiirniicc 
coals, from the Ash to the VViiqicnny im.liisivc, 
17 or 18 scams above two feet. Ironstone scarce 
01 absent. 

4. Tjonrst measures, 800 feet, with from two to four 
thin I oal seams. 
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Neglecting the seams under two feet m thickness, 
we have in certain mensured portions of this field no 
less than 40 seams, With a total thickness of 140 feet 
of coal; m another c se 24 seams, with lO'J feet. 
Among its more remarkablo beds arc the courses of 
carhouaeeous ironstone, or black-band, which occur three 
or four in number, with a variable thickness, but 
amounting in some cases to three, four, and even six 
feet, often crowded with shells of the bivalve Anthra- 
emya. Near these also conic's in a thin baud of frcsii 
water (’) limestone, containing stpirorbu earlmanun, 
and analogous to the Ardivick limc'stoncs near Man- 
chester, and to a bed with the same fossils in the coal- 
field south of Shrewsbury, and in ttiat of Warwick- 
shire. 

The boundary on the eastern side of the tract is the 
outcrop, against^ the bleak hills of millstone grit; ori 
the west the new red sandstone, under which its beds 
plunge ; and on the south an irregular line, occiunoncd 
by dislocations and the inletting of the overlying Per- 
mian strata. 

A small outlying field, named after the town of 
Cheadlc, with seven or eight seams, is of very limited 
importance. 

Taking your stand on the high ground on the west 
of the Potteries coalfield, you may, on a clear day, 
descry the Shropshire field on the sonth, and the 
Welsh lulls on the west, with the coal area of Deiibigh- 
shito at their base. Tlie plain of new red sandstone 
and marl cxetnds almost like the sea from one hill 
niugc to the other, and the idea iiivoliiuhirily suggests 
itself to the mind of the geologist that the coal-mea- 
sures ore contmuous heueath those broad intervals. 
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even tliongh the depth may he such as to render them, 
in part at least, unattainable to man. 

Dfabigiishiue and FiiINTSiiirk. — Commencing sud- 
denly with a bold promontory of the carbomfeiuus 
limestone near Oswestry, a band of coal-measures 
reposes ngaiust the chain of hills which course by 
way of Iluabon and Mold to Mostyn, at the montli of 

the l)ee. The scams are not numerous, but some of 

0 ' 

them, as tlie 3-yard and 5-yard coals, am rcraurlcable 
for their thickness ; and a bed of ctiunel, lately found 
near Mold, is no less noted for its excellent (jiudity. 
Moreover, tlie bounihuy of tbo field being, on the east 
and noilh-east, tlie ovorl}'in" new red formations, 
leaves it very probalilc that a large amount of coal, 
coutmuous with that already worked, may be found at 
moderate doptlis. 

Smtoi’siiiuh. — Omitting some small unimportant 
patches of coal around Shreivsbury, wc arrive— lu the 
Coalbrook-dalo district— at a focus of collicr)'^ working 
intimately connected Avith the development of tbe 
British iron-trade. The total tlnckncss of llie mea- 
sures IB but 1,000 to 1,200 feet, and the number of 
seams of coal with their height also dimmish rapidly m 
going south, so tliat tbe bli feet of coal at Bonnington 
dwindles to 40 feet at Ligbtmoor, and to IG feet at 
Amies, near Broseley, south of winch town all tho iron- 
stone inoasurcB — so valuable iiuith of the tSevem — are 
represented by a single bed — tho Crawstono. Tlie 
especially interesting geological characters of the dis- 
trict have been excellently described by Piestwieh 
(Geol. Trans. 2nd Sor. voL v.), and further details on 
the ironstones are given in “ Tlie Iron Ores of Groat 
Bntam ” (Mem, of Geol. Survey, 1802). 
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The whole of the old or hitherto-known coalfield will 
in n very few >cars hence be entirely exhausted , hut 
already Mucccasful workings have been put thniugh the 
]^rmiaii rocks which border its cnsterii margin ; and 
the geidogist has little doubt that weie he possessed of 
physical jieiietiatmg power enough to enable liiin to 
dip with tlie coal-seams as tlsey incline eastward, he 
ivould, after a deep underground passage of some 14 
miles, emcige again in the tsiallield of 

South Staffoiidsiiiuk aki> WoncESTEnMiniE. — The 
“ black country,” as it has been poimlarlj culled, 
exhilnts the most amarang focus in the world of the 
\urious mauufactnres which depend on a plentiiul 
au 2 )i>ly of ( oal. Its mingled forges, pit-hcaps, engines, 
canals, railways, and blast fiunaccs, and the ro<ii of 
.letiYity which penades the district, create m the 
visitor n feeling of confusion, which only giadiially 
subsides into adlniration of the great iiatiiial adiaii- 
tages eon fen cd hy the contents of the substrata, — 
advantages which have been the means of attracting a 
dense population, and of raising upon and around it a 
vast assemblage of laiious and prosperous hianehos of 
industry. Tlie total aiea is not Luge — about \)0 h([Iuiio 
miles — and the total thickness of measures niodciate — 
say 1,800 feet; but tlie presence in the southein jiart 
of the iield, about Dudley, Bilston, and 'Wolveiliamp- 
ton, of the 10-yaKl coal (from 24 to IlG fei't thick) has 
been a tcatuie'of inipoi taucc without a jiarallel. The 
roughness of the surfiec has been iei»ealed below 
ground, and the mode of working tins adnuiablc de- 
jiosit of fossil fuel has been ,i model of wbich wo have 
no reason to be jiroiid : sad loss of life and great waste 
of coal having characterised it almost tliroiigliuut , and 
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the rapid exhaustion of the present pits renders it pro- 
bable tliat in a few years the workings of the “ thick 
coal ” will bo matter of history. Meanwhile the lower 
seams of the “ Heathen ” and “ New Mine ” coals are 
coming into great einjiloy, and a comparatively new 
field of many different seams — tlio separated represen- 
tatives of the 10-yard coal — ^hos been rapidly opened out 
in Cannock Chase. For the details of this coalfield we 
must refer the reader to tlie excellent description by 
Mr. Jukes, in the “Memoirs of the Gcol. Survey,” 
2nd ed., 1860. 

The number of scams may be given as averaging six, 
with a total thickness of 60 feet of coal. 

Two pceuJiurities of this coalfield require to be men- 
tioned, even in a brief sketch like the present. Ist, the 
jirevalenco of intrusive dykes and bands of igneous 
lock, thcn/iita and ffreen rock of the miners; and 2ndly, 
tlic absence of the millstone grit dnd carboniferous 
limestone, the coal-measures reposing directly upon 
the Silurian shales mid limestone. 

The glory of South Staffordshire as an independent 
district is past ; but the iron-masters make a gallant 
figlit of it in competing with other districts by the in- 
troduction from great distances of cheaper iron-ores os 
well as coals, and by strict attention to the quality of 
their products. 

Wabwicksuibb. — On tlio south-east of Tamworth, 
the clearing away of the red marls reveals a coalfield, 
winch runs for some 15 miles in length by Nuneaton 
and Atherstone, m the same south-easterly direction 
as the Trent- Valley litnlway. The total thickness of 
its constituent rocks is nearly 5,000 feet; but the 
lower half is unproductive, and the upper half contains 
only five seams, with an aggregate of 26 feet of coal. 
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The nrca, too, being only 30 square miles, leaves this 
a very iininqiortunt tract at present; but its signi- 
ficance as an indication is not to be overlooked, seeing 
that, like the last and next following coalfields, it is 
surrounded for the most part by the new red forma- 
tions, and may, tlicreforc, with confidence, be expected 
at a future ibiy to be greatly extended. 

Leicksteiishibb. — In this county — again after an 
interval of a few miles of the covering of red rocks — a 
coal-prodnning tract presents itself. With a total 
amount of strata a little less than the last, it exhibits 
more seams, generally ten of workable thickness, 
with 4.') feet aggregate of coal. Tlie Moira Colliery, 
near Ashby-dc-la-Zouch, is very liirgelv opened on the 
fine “ main seam ” of 12 feet thick, of which only the 
upper SIX feet, the mer coal., is taken out in the present 
operations ; the nether coal, of rather inferior quality, 
remaining for a fiiturc day. 

The actual area of the ileniided coalfield is only 15 
square iiiiles ; but several pits have already been sunk 
with success beyond its boundaries through the o\er- 
lying stratiu 

It will be interesting to compare, for the above dis- 
tricts, the production of coal during 1864 with tliat el 


ten years ago. 

F)ro<1iuo<tf (iml m 



Yorkohira . 

7,2bO,UUU tons 

8,809,600 tons 

Dcrb} ahire 

2,t0«,b96 

19 

4,479,750 

99 

Nottin}r1inin*ihiTn 

817,474 


7%,700 

99 

Tjancimlurc 

9,080, dOO 

>1 

ll,i.lll,U00 

99 

UhcahiTO 

786,')00 


811,730 

99 

Hhropghiro 

1,080,000 


1,159,000 

99 

Bbiffonlshiio nnd WoivcR- 
trrahini 

7,600,000 

91 

11,459,851 

99 

VtaTwickahiTO 

265,000 

99 

754,000 

99 

liOlCCHtuTRhlFe . 

439,000 

19 

890,600 

99 

North Wales 

1,113,000 

99 

1,087,060 

99 
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The ratios of mcrcnse in ten years in the different 
conutiCB are rcmarkalily imlike ; and whilst in most 
cases the quantity r.iiscd haa been aiigniciitod by trom 
20 to 00 jier cent., in a few of tliem it has been moie 
tliiin doubled. The numerous canals and railways of 
central I'bigl.'uid greatly increase the mutual connection 
of these several fields, and as time advances, new bore- 
holes and sinkings will ere long throw additional light 
on their uatuial relationship. 


CnArTEll VI. 

COALFIELDS OF THE Wm’ OP ENGLAND, fiOlTTII UALES, 
AND UlELAND. 

llius'iOL AND Bath. — A large area, cjftendiiig for some 
2.J miles m length from the Mendip lulls on tlie south, 
and closing to a iioint near Wickuar, consists of coal- 
incasurcs exposed to the surface in large patches, but 
covered over much of their extent with the newer forma- 
tions — red sandstone, has, and oolite. On the soiilhern, 
westein, and north-eastern edges the co.il'beai mg stiul.i 
roiiosc on the carboniferous limestone; wliilst tlieir 
eastern teiinination, where they puss under the Balli 
oolites, u at present uncertain. The total thickness 
of tlie series, above tlie millstone gut, or “ Earewcll 
rock,” IS about 5,000 feet; but except over ecitaiu 
small portions of tlie ground, the upper jiart of the 
seiics, containing some of the best household coals, 
has been swept away by denudation prior to the de- 
position of the red rocks. Thus, in the rich district 
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11(11 t}i-east of liiistui, the u|)|)ormost seams ajijx'nr to 
1)0 ahsent, whilst m the noighbouvhood of lladstoek 
and AlidsomiT Norton a verj interesting hasin-shaix d 
dejiosit of tliem is cvplorcd by the collierios of II K JI. 
the Pimco of Wales and of Lady Waldegiave. Tlie^c 
s(‘anis nie already deep at some of the juts, as for 
example, dOO fatlionis at (Jlandown (whcie 40 f.ilhonis 
aie hiiuk throingli overlying fonnatious), and above 
1(JU tiitlionis of barien stiata intervene befoie anolluT 
gioiip of coal seams is univod at TJiesetoiid group 
occu])ies, of eoursi*, a much huger aiea than the hist, 
and IS worked at Fairington Gnrney, kc. Next in 
oixler ((•'lies a great thickness of sandstones, termed 
the “ I’eririant,” which oceasionidly present the rough 
htructine of millstone grit. IJelow the Pennant wi* 
have again a deep series of shahxs, containing a con- 
sidoiMbli* imrnher of seiiius, some of which are worked 
at ilediiiuister, ytratton-on-thc- Posse, tSLe , whilst the 
lowest coals, veiy close to tlio limestone base, aio 
woiked at Vohstcr, Ashton, and at Nailsca. 

It IS obscuablc that the mndo of working luloptoil m 
the soiitiiern iiait of tins district, eoupled with certain 
local advantages, h.is rendered it possible to woik 
coal seams of little nioie than one foot thick; nay, in 
one of the “ little veins,” J lune nie.isuied the height 
to he only 1 1 niches of coal ' AVc maj, therefoie, tako 
a coriipaintivcly gie.ilcr number of seams in tins field to 
he “ workable,” and it would aiipe.u that they may he 
gioiiped as follows • — 

I'lipui Kcnos, liiidslmk, G hliiiis, with tot il of 11 to 12 fi'ot ot rng 
Suoiid, orli'.iniiigtuii Hcrii'H, 1 woik ible oliuiih, with b to 12 (iHtut coil 
I’unn.iiit i^Tit, writli thm hpiiii 3, l.oOO kcl 

Tliii-d Hui II H 111 ilni iiihter, istTuUun-fm-the-FuMC, 20 to 30 kp mix, with 
J.ow<»t Hcncx, Vohstor, Kuilac'ii, 4." , 1 faO lout ot (wal 

X 
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The last two groups are not very (listinctly soparntccl, 
and their scams are diflicnlt to identify, fioiii their 
being variable in character and being iiiiich disturbed 
where they approach the limestone. Indeed, the ver- 
tical and even overthrown condition of the strata at 
Vobstcr, on tlic north dank of the Mendip hills, is our 
nearest approach, in Great Britain, to the abrniit fold- 
ings winch are so remarkable in the coalfields of 
Belginm. 

When we look to the nniuoroiis and thin scams of 
the south portion of this field, and fhc violent contor- 
tions to which, along with their limestone base, the 
coal strata have been subjected, we are induced to 
recognise the Belgian ty])e, and to look castw.iid, in 
the direction of the axis of disturbance, for a coiitmii.i- 
tion of the trough of co.il-moasures Evidence, how- 
ever, not ultogetlior conclusive, has been obtained by 
boring, which would make it prolKiinc that tlie lower 
measures also, like the uppci ones, crop up under the 
overlying roeks. Towards Bath, at Twiverton, scams 
of the lower senes, much fimlted and highly inclined, 
are worked, bnt it is uncertain how f.ir they extend. 
We may also spcculato on the co.iUmeasuies being 
brought in again hy convolution on tlie south side o!' 
the Mcndips, beneath the more lecent foim.itioiis , 
but on this point no trials appear to have heen made 

It may be remarked, that a source of error in estima- 
ting the quantity of coal in tlio ground is very obseiv- 
able m parts of tins field; vi;!., tliat certain traefs of 
the good scams have been so faulted and sqnce/cd by 
nntnral causes as to yield little else tlian slack, and 
thus to be commcreiallj valueless And a notable 
peciiliarit) is met with in the oierlup faults at Ifadstock 
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and Clnndowii, where tlie seams am dislocated by slides 
in a direction opposite to the usual one, and are thus 
doubled over themselves, so as to give, over a breiidth 
of from ftO to 200 and oven 300 yards, a double tract 
of tlic same coal. 

FoiuiST OF Dean. — This complete and pictnres(|iie 
little coal basin, clothed in great jiiirt with due oak 
forest, IS ail adniirable study for the student, — dipping 
on all sides towards the centre, and skirted by its base 
lock, the carhonifeioiis limestone. It is about 34 square 
miles in extent, and fiom its regiiliiity is thoroughly 
known, even w here as yet unjiroved by pits * 

The e-ial measures are about 2,300 feet thick, and 
contain, priiic qially ill then lower pin t, eleven scams if 
1>^ inches up to fl feet high, giving a total thickiiess of 
about 27 feet of coal. 

llelow the Clliuichway, and above the Colefoid High 
Delf seam, there occurs a thick senes of siiiidstones, 
giving rist* to numerous excidlent quarries, and whuh 
in some degree appears to be equivalent to the Pennant 
of the lb istol field. 

Several of the coals almut the middle of the senes 
are lem.nkablc for the great number and variety of 
fossil-plant lemains found m the roofs* whilst the 
lowest thick coal, the Coleford llighdelf, from 4 to 
10 feet (5 inches, shows only sigillanie and other huge 
oliseiirc tiiinks of tiees. Ironstones me almost eiitiiely 
absent, but the want of them is amply made up ioi by 
the adiuiiable brown oxide of iron found abundaiilh m 


* A bi'Aiitifiil inodd, ahciwing moKt inKtniLtivpl} tho poHitinn nl tin 
^arlouH suiiins, wus coiutrurtud suinu jiars ago by Hi T bopititli, 
' iind was (kpositod by II 31 Cuininissionors of 'Woods and 

Forosls m tho Museum of Fr.utu il (liiilog}, Jirmiii-stTout 
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dmmu or irregular deposits in the upper portion of 
the limestone. 

'JT.ie Bean li’orest field produced in 1854, 420,8(50 
tons of coal j in 1805, 739,840 tons. 

Bevoxsiubk. — In the north of this county, the 
neiirhboiuhood of Ihdeford is reniiirkahlc for the occiii - 
rence of small seams of anthracite, or culm, which h.iM 
been worked to, a eonsidcrable cxti'iit. They are of but 
small commercial mijioit.incc, but nic iiif cresting as 
ofi’ering a parallel to'tlie thin seams found in the large 
tract of carbomferous slate in the south-west of 
Ireland 

♦South Wales. — Tlie magnilieent coalfield wliiili 
(■\teiids from I'ontypool on the east to St. BiidoV 
Jlay on the west, and occujiies some 900 square mi It"' 
chiefly 111 the counties of Monmouth, (Jllnmorgnn, nml 
Carmarthen, is no less remarkable tor its fhlekllc‘•^ 
than for the variety and excellence of its piodiiefs 
Based upon a foundation of bold lulls of limestone, 
which use on its northern, southern, and easfein liniil'i, 
it forms thimigli a great part of tins length an clmi- 
gated basin, coutaiiiing a mass of ])ictiircs(|iic liiIU 
laud, intersected byuumeious streams, which ha\c .i 
mainly north and south dnection, and in wliiili the 
greater number of the woiks are situated. The \eiy 
numerous dislocations by which it, is inteiseeted follnw 
a still more regular meiidioiial eoiiise. Tlie gie.il 
breath of the field, fioin 12 to 10 miles, and the i.ipid 
iiiclination of the strata, wrould soon cany them down 
to unattainable depths, but for their being again i.iised 
nearer to the surface by an axis of ilev.itioii, or aiih- 
chnal ridge, wdiich is traceable along a consiileiable 
distance in an east and west dnection. 



(()\LriI I l)s (II IHE WIsl OJ. lAf.IAM), I U I','.) 

In lloiimiMitlisliiio the tbiikiiONS (if tli.* '•ImiI.i i>> far 
IcbS tlmii 111 thu iiKii'c westciii porhoA, lunl tlu' iim\i- 
iniiin ({cptli t(i tlic lowest iiii|iort.iiit scum ftlic lil.irk 
Vein) iii.iv lie estiinated at fioO v.mls, wliilsl tlie l(j\\i «.t. 
Wdiktilile (ii.il wciiikl lie icacheil at T5(J jaicls Hum ilic 
Hini.Kii m 1 lie \.il leys * Here the ii]i]ieini(i^t niitalile 
se.im IS the well-kiiowuhoiiM* coal, the^IjiijiM Isshvjii, 
.j feel h inches, which, o(Cup\iii" onlv tlje malLlle of the 
ti (Ills'll, has already liueu woiked out over a ijfreiit p.iit 
(it ils aiea lieiiealh this coint's a ^reat thiekiiesN ut 
I'aiidsloiies, the “ Veriiiaiit,” and below that .ilt.iiu the 
measiiies, mcludiii^ the eMidhiit fiirn.iLL-( oaK and 
el.i) non ores, mIikIi have p^ivcn use to the eieat iiun- 
tvoiks of J’ontviKiiiI, Kbbw Vale, Ttedegai, iV.e 

Farther west, the sandstones ate frieatl^ augmeutei.1 
It' thickness, and aie Miimoimtcsl by a series of mea- 
sines with many votkabic seams, wlin h appear to be 
e\hibiled m full (leiclopinent to the noitli of Swansea. 
Ibit still farther westward, at Llanellj, an uppei seriis 
of seams oicupy a eoinpaiatnely iiairow aiea, ccui'ini; 
east and west, where the full tliiekncss ot the cual- 
me.isiiies is estimated to ainount to no le-^s iliiii 
10,()()0 feel. If, therefore, wc meliide these, wheie 
lliev aie worked cii the iioith-cast of Lhiiiell_\, and 
e\lendinif to the Llweliwr liiver, we lia\e the I'nlhiwm^' 
full .section: — 

Ulilii'iiiiiiKt or I, I, nil I’l luiii >, 1,UUU fi'ot, siith Sgiimg. amt .i tut.i' of Is 

il I 1 III Lilli 

I'.'iilli rif in, HI Ill's, t Ititll t<i t, \iith 10 si> huh ilimo III mi hi's, .mil i 
tut il Ilf -III liot 111 ii'il ^Diinii til tliL* lliu'lii's SI nil (It sn him i ^ 
^ll\ nisi I H niilsliiiiLS ^ri'iiiMiit), J,7U0 lit I, mill 'l nils iiid JS tut 
ut I Hill 

l/iwti MTiiii, 1(1(1 Id I 1 ( 1(1 lilt, svilh 18 HI iiiiii .mil Si lii'l ut usil 

* Atiiiitliin; til sum IS iiiuli. li> Mr 1' 1 orator liiomi, !•' li s^ 
11 31 liii>iit} ti iilIIlf m l)i.in t'uioat. 
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Tlio local variations, and especially the tliiiiniiijr at 
eastward of many of the beds, render a fjencral section, 
such as tlie above, inapplicable except to a limited part 
of the area. 

On the west of Carmarthen Bay the thick ness of the 
measures js again greatly reduced, and their value is 
much deteriorated by the violent foldings and convo- 
lutions to whiqji tliey have been subjected, and wlii-h 
may bo seen at their maximum in the chtts of t't. 
Bride’s Bay. 

The n 11 tli-e.istcrn part of the field is princip.illy 
remarkable fi'r its excellent partially bituminous coah 
In the neighbourhood of Aberdarc the scams acipiire in 
the highest degiee those free-burning and \ct smoki*- 
less pioperties, wlacli adapt them cspcnally to strim 
imrposes The rim tlmt 'ms consc(|iientl\ been iiiiidc 
niion the oo.ils of these \.dleys, has Jed to the opcnimr 
of such numerous, and such vigoroiii*!} woiked eol- 
lieries, that large tracts of the liest seam, the Ahcidaii 
four-foot, have already In'cn exhimstcd. Fioin hciici 
Avestnard the coals of the soiitli outcrop rcni.iiij hiiii- 
I111I10U8 ns tar as hejond the Llanelly district, whilst 
those along the nortlioin side of the field uliange to 
anthracite, and tins, latter variety of coal alone i-. 
yielded liy the seams rising northward iii ( 'armai llicn- 
shire, and hy all those of IVinhrokesliire. Lien within 
a distance of a few handled yards, the Ll.inollv Imls 
arc seen to he hitiimmons where tliev use lo the miiiiIi, 
and anthracitic in the opposite side of the tionirli 

Tlic produce of tlie western districts lias bci n as 
follows • — 

IH 14 IOI 4 

l,ia 2 ,'|(>fi lulls I,'lill,(HIII lorm ' 


. 8,300,111111 


I.OJS.'iOO 

lj,'ll.S,OU 0 


tl 


(lliii'ifstirshirp mid •SdiiicnK.tshini 
AI I. iiiriiithshiri 1 

'Suutli AVults J ■ • 
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An cxamiiiiition ol tlic confilitucnt strata, an<l of tlic 
positions of tlicso western coiiliields, will lead to the 
iiuUiclion tliat tliey have lonuerly liceii united, and 
that in Dean Forest wu luive a link lietueeu its lar<;ei 
ucighliours, wliicli lias huon preserved ironi denudation 
by its fortunately having been folded into a basin furiii. 
The fueiit) miles which intervene hetw-een Colefoid mid 
the A\'oKh hills cxliihit only the Old, lied sandstone, 
the base on wine li co<il measures out e rented, long since 
swept away lij tlie W’e.iniig action of the sea, when 
the land has been laised after peiiods of suhi.ieigein e 
luKiAMi — The eoaliiohU of tlie sister ( oiinfiv l>triii 
a niiist mteiestiiig study to the gcoloiri'.i, but iiufoi- 
tuuateh yielding only a total aunu.il ipMnfitv of 
tons, piesiiit to the coiiiinert'i.il or teihiiK.il imjtiiier 
lealuies of little ]iie»ent value and of no futuie jiios- 
lieeta. He who \|as jwisseil long d.iys m exjdonng tlie 
iiilly coal conmry of (Jailow, Kilkenny, or Tipperary. 
— now e\iiniiiiing tlie foNsd^ of the shales, which remind 
him of those ol the lowest coal senes of lential lln'.rlanil. 
and anon looking down upon the wide plaui' of lut- 
lioiiileious Imiextoiio wliieli foim the guMi bulk of the 
low loiintiy, — e.iniint hut soon aii'ive nt the loiiva tnni 
tli.ii X.itiiie proli.ilily gave to Irel.iiul with .i lihenil 
h.inil, lint Iso. acMiii taken away wh.it .she h.ul iriveii 
The isolated little eoallields which exist at pu'sent aie 
lint the lemiiiints of impoitant deposits which have 
lieeii tom aw.iv hv deniid.Uion. unit as they arc uamis- 
tiik.ililv the few lowcrmosi beds of the foiiii.ition, no 
discoveiics aie to be expected from boiing. It is, 
nevertlicless, noine.ilile that the lower pint ions of tlie 
earhoniferoiis str.it.i are de\eh>pcd in guMt thickness, 
for the limestone is siucecdeil by several hnndied teet 
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of black Bbalo, as m Derbyshire, and then by some 500 
to 700 feet of Qagstoucs, which form a parallel to our 
millstoiio jri it. The eoal measures atlaiiiinff soniotinies 
a thickness of 1,800 feet, contain but a few scums, 
mostly tliin, of authriuutu, extremely hiokcn, 
compressed, au(J uncertain, m comity Cork, but iii the 
Tipperary and Castlecomcr fields, foimiiig basins of 
considerable rcg^nlarity. 

Ju the north of Ireland, coalfields of very siiiml 
extent oecui' in Tyrone and Antniii ; which, althoiipl' 
some of the seams aio of bitnmiiions (|n<ilily, exlnhil 
in the mam charncteis very similar to tlmse of the 
soiuh. And tliiis the whole of the deposits of fossil 
fuel, beinjf but fragments oapuhle of a veiy limited 
supiily, it is Ibi Innate tli.it the town popnl.itions of 
Ireland can he snpiilied with such faeiiity fiom the 
Clyde, ‘Wliiteliaveii, the 5Ic*rsey, iiiyl tlie Dee , iiiul 
that N.itiiie }ia« in some measiiie made amends for the 
absence of coal by the gift of peat hogs of niisuipassed 
extent and quality. 


CIlAFTEIl VII. 

CONTINENTAL EUBOI’liaVN C'OALMKLDS. 

ViMNCH. — Although nimble fully to snjijdy the de- 
niiiiids of a large population and ingli ci\ ilis.ition, the 
Freiieli ( Old fields are neither few noi pooi in contents 
The Slim total of the coal pioduetion of I’l.iiicc is 
obtained from above fifty different pati lies of the loal 
foiiriiition, only a few of which need to he cited as of 
pciiiiaiieiit importiuice. Tliey m.iy be gionped as the 
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coiillicrclM of the norm, of the centre, and of the 
south. 

Tli.it of the nortli, occuin'ing »i Jiarrow strip of land 
in the (le])iiitiiients dii ^'oid and Pas dc Calais, is at 
the one end eontinnous wifh that of Belgium, whilst 
on tlie other it ;ri.idiully diminishes m value as it is 
tol lowed from Valoncioimes and Bethuno, towards 
ITaidinglieii and Boulogne. Considering how thfi coal- 
me.ismes are eo\ered hy the eh.dk, or cretaceous strata, 
8U to l.'iO yauls llnck, some of them oliernig very 
hei Kills ol)st.iile«. to the sinking of sli.ilt'>, it is eredit- 
alile to the sig.icity .ind peiv \eiiiiii e of the French 
iiigiiieeis .ind toal OMiieis th.it tin v have so ferreted 
out the tluiMctii .ind poMtion of the>ie loiiLealed trea- 
.suies, as to li.i\o Inoiighr the piodmtion of this field 
idroady up to three million^ of Ions The seatus aro 
not ai tu.il]\ ti<iie<vJ)Io without a g.ip into Belgium, hut 
.lie of a siiiiil.ir eli.iiuetei. — leiruhir and muncious, yet 
thill ; (liUh the iL’ lied> of Amclie gne togethir hut 
::iy I'eel of loal , 4 hed>» woiked at Doueliy, 11 feet 
li iiiilie> ; is .It Aii/.iii, .$*> feet. 

•V lonipiiivni ol tlioM* feitnie^ with tho'«e e\hihited 
on the ll.niks of oui .Meiidip liilN. and an oh«.Lnatiou 
of ilic iiiideigiouiid euurse of the '.li.iip tioinrh of 
Klein li (<i,il sti.it.i, dellei ted as it i>. fioiii il» Melgi.iii 
duel tioii when it aiine'. at I)ou.i\, ineline' u^ to the 
.spei iilalioii that the p.i]u>o/iiif loikNin.ii hi < niitiiiuous 
tioiii the Siweiii to the Bliine. Tlie (piesrioii in.i\ pos- 
.sihly he of little pi.iitaal iinjioi t.iin e, hut is, one of 
gie.it iiiteieNt as reir.iids the origin. d deposition of the 
laihoiiifeioiis senes. 

* Mi (■inlniii Viistin Imi!; miuo |iri>iu>im(li .1 this mow on (uii y 
gLi.liiijii tl i;ii'iiiids (tnirt Jour Oiul So.. , lol \l 
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The coaliiclds of central France are rcmnrlcabli' for 
their irregular and Siinall area, and the fiagiiieiilary 
and unequal state in which most of the seams occur. 
They arc commonly liascd ujioii some of the ])rininry 
rochh, granite, gneiss, fee, ; and a great part of their 
ronstitneiit mass consists of coarse grits, and, towards 
the h.iao, of rough conglomerate. The seiuiis att mi, 
here and tlieio, a vast tliichness, even uji to 41), 'id. 
and RO feet, but are much bioken, and Bubject to 
sudden changes, home of the French geologists are 
inclined to consider them the result of depo>tition m 
lakes, m contradistinction to the Helds of the North 
and of England, where they rejiosc m the nbvioiish 
marine beds of the mouiitam limestone. 

The moat important o^ them is the district of Si 
Etienne and lli\e do Gier (Ijoiu*), oicnjijmg a Iciigtli 
of , About <}4 link's, !ui<l 111 wliu'li the b>\'ei 8etiiii‘> oi c\i|>\ 
an area of C(I,(J00 neres One of tlicse \arle^ I'loin :{(» u. 
lO feet in tliickiics.s. On these follow some liiindnd-' 
of jiuds thick of li.iuen sandstones, and then iiu ujijier 
senes of 20 se.ims of from 3 to Ifi rei't timk, uliidi 
only cover a surface of about 10,(il)0 acres, and m tlie 
midst of winch the lull tlnckiiess of tin* h.isiii apiie.irs 
to he near 5,000 feet Tlie aoti\e mamifaetiii mg in- 
dustry of this iieiglihmiihoMl has i.iised tlie |aodiufion 
to a.s much as thiee millions of tons. 

Another remarkable Isism is Unit of the S.idiie ci 
Lone, the chief working ceiitics of winch aie ('n-ii'nt. 
lil.mzA , Moutcean, Moiitclmnin, and K|iigii,ic, w lici n the 
miasiiics contain only ten la-ds of co.il, hiil at iJl.m/i 
t ''0 or tliem iiin fiom DO to CO Icet eiicli ; nn.l „l Jlonl- 
• lianm.iiMii Creiisot, one scam attains localli llicc\ii.i- , 
ouliria-j uiii.mnt of from (iO to IDO feet iii tin. kiie^s. 
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Host of these central fields arc, uiifortimiitely, mere 
hasifis 111 the older rocks, so that their contents are 
ri;,'idly detiiied ; yet u few of them — as tlnit of ( 'leiisot 
and J}Jiui/y — oiler soim* prospect of fontinuntion, 
ospeeially on the soutli-wcst, heiieath the eoveriii}' of 
newer lornnitiuiis. 

In the south, the coulfieUl of Alms, in the depart- 
iiiciits dn Gaid and Auleihe, tonvenieutly situate fur 
* tliusiippl} of thecoiists oi the j\IeditenaneAn, and that 
of the A\e}ron, arc both of them noticeable Ibi a yield 
tvbu h has UKreased iimdi within a few teais ]ia't, and 
for having; jirohahlc leserves heiieath the jiiias^ie sTiata, 
tihieli on eeitaiu sides huiiiid the \isible evtiiit ol the 
tiMl-ineaMire'i 

111 with a home jirodiict nui of l(ij million'* of 
tons — jiuieasud m 1604 to ll,ltM),(Ki(» — Frame con- 
hiimed half .is iiiueh again miportml tiiim ahroad.* 
(since l^lo the uiiioiiiit raised liom Fieiiili pits has 
hieii iiiultiphid tmjold , but it is still .i prohleic 
vlietlior the lapulh ineieasing demand amU e\ei be 
iiiei b\ the piodiietmu of the coiintn. ih own M-*)!' 
to a lew pits li.ne iiiipie'"'ed on me the loiiMiiioii tli.ir 
llie Fieiii li eual-'e.iiiis aie umuiIU nuuh niou ditiiiini 
lo woik ieoiiomiialh tli.m oui own. ,nid that Iniae 
till jiiiies, inbiig limber than in iiioie favonied dis- 
tiiils, will alw.iis lei'dei it dillnnilt toi ilie eo.il-owin is 
to iom|iete on the huge si.ile with lliose of Ihiglaiid, 
r>elginiii. or I’nissia. 

Um.iiM. — The deepest pits m thewoild lia\e been 
ojieiied III that iiaiiow, bin ai'ti\eb woiked. /one of 

* Till iiilo ri.tii.i' nii«, 111 Isnl 

I'l.'in 111 l^iiiiii Ji ’I'a Oiiil tuns 

„ I’l 11111111 l,Sllll IHUI „ 

„ Kii(;luiid l.JlUl WO „ 

l>,i>ei),UUU luUi 
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conl-mcasnrcs wlncli runs from west to east by Ifoiis, 
Charleroi, and Namur, to Liege. lispeciiilly iii its 
western portion, the district of lluiiinut, the high angle 
of inclm.itioii of the strata, sharply folded .lud even 
zigzagged into a narrow trough, has occasioned tlie 
shafts to ntluiu in several cases over 750"*, or 2, WiO 
feet; one shaft, at the Vivicrs Ueuuis, near Gilly, even 
1,040"*, or 3,411 feet. 

The Belgian coalfield, which is in all ahove 1(0« 
miles m length, and generally 4 to 6 miles wide, is 
subdivided into scveial basins, among which that of 
Mons exliihits tlie fullest development of tlie form i- 
tion. No less than 157 seams me known by name, of 
winch 120 are workable, varyiig liom 10 itiLlies to 
3 feet. The upper senes of 47 seams, not seen elso- 
wliere iii (he country, are the J'luiu , — ii coal hnnimg 
with long flauK',aiid giving oil* mupli gas; llu' next 
group of 21 are coking co.ils ; (hen comes a tliiid, of 
29 beds of rharhon ihi Jor(jt , and last, 20 (o 25 beds of 
chiubon sec or muiyre, diy coal, burning with small 
flamo. 

The production of the diU'erent dlstn('t^ of tins field 

was, in 1803 


iMvi 


ItlfUlM 

S.SiH.Wtons 

il'i tuns 

Cfiitro 

. Ijll'llV-j „ 

1,1*' 1.7 "*7 „ 

Lharlurui 

J,fprs,2'W „ 


Xaiiiur 

2.10,767 „ 


Licini 

1 'IHS %1 . 


Total 

I0,‘117,3‘1U tons. 



The northern side of this long synclinal fioiigli m- 
chuismiich niorc moderately than the soiilheiii, and 
111 the diiirp-anglcd zig/ag contortions the saine con- 
trast betwetn the two sides may often be seen; an 
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iiriiiii<jenieiifc rcc.illing' the ])?iennmcnii of our Prni- 
brokesliiro fiold. M. Dorinoy, a I'Yencli eiigiriccr, liiis 
I (uihiiiictcd some Ijuautifnl maps to illustr.itu hisMi-W', 
iiiid coiihiders that, m conacriiicnce of tlic .s\\cr\iiijr 
(lirnctioii of a ^'rcut cast and west dislocation, tlio 
soiitlicm li.df of tlio trough is wanting, except in tlic 
ricli clliptKiil hasin of the Conchant dc !lIoiJS, wlieic 
llic total tliickness of the mccasurcs is estinuitcd at* 
feet 

A striking oxamjile of tlio zigzag strut tiirc of the 
(o.il-iiit‘iisiiiL‘s IS seen m the accoiiip.inyiiig scLtiou of 
till' mine ^ix lioiuiicTSf near ]Samiir. 



Jig 10 

Tlic mode of working is geiierallv hv a inodnicil 
kind of long-work, Imt one rcquniiig a \ast quantity 
«d' tiiiiliei, iiiiuli of whiih is lost. Wiiliiii the last 
Iweniy jeais gieat strides ha\e been made in the 
impro\emeiil of their maehiuen, and the output at 
the lilt gel pits IS \ei\ a»ii''ideiahle; whilst the e\pen'«e 
of deej) Milkings tends, as iii the iioilli of Kiigland, to 
, increase the inea workisl fnun a gi\en p't. The quaii- 
tit\ raised pel man is iiiueh less tlia'i the usual English 
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Btandaril, partly in conseijncuLc of tlic tliinnoss and 
diflicalt position of the seams. Not Ion}; a}?o all tho 
work-people wero, by law, obli^'cd to travel iij) and 
down by ladders, but at present many are laised by 
tho cajfcs; and tho JuMtunstt,<XT^ as it has been termed, 
Waroeqiuero (fiom M. de 'VVaioeipie, who erected an 
c\eellciit one on hia own works at Mai icinont), has been 
•ai»phed with great success at several of the larger 
collieries. * 

The price of coals m Tlelgium is very high; KiA to 
20a per ton being obtaiiicil for large, and 8 a to lOv 
and l.M. for mixed and smalL Thej iiredi\ided into 
the following cl.isses, according to si/c — TJouillr, large 
blocks; lumps ; jaeces the si/,e of 

a fist ; gndhiim, it tuten dc vtoomu, nuts , mid wnu, 
smalls, or slack ; whilst the name of ijdkteuj is gi\eu 
to mix’ed soi ts. . 

riitissiA.— Almost contiininus with tho Belgi.in field, 
the two highly contorteil loal-biisms of tho liide, neiii 
l’l>5eln\uiler, and of the Wiiiin, near Aiv-la-Uhapelle, 
have been worked Irom a terj early period ; and ex- 
tending as they do to a great depth, contain huge 
reserves of coal In the same direction, f.irtbei e.ist- 
ward, after irossiiig the \alley of the Rhine, comes the 
hirgo and rich coalfield of the Uubr, or of West- 
phalia ; which, although mined near Dorliiiund use.irlv 
118 1302, has only witbm tlie last ipmrter oI a century 
risen to a liigh degiee of iiiipoi tanee. 

That portion of tlie coalfield which is visible at the 
sm-f, ice consists in the main of three paiallel sjnelin.ils, 
rmh m a vast nnnibui of bisuus, of winch the iijijier- 
most arc a good bituminous coal, the middle senes 
scmi-bitumiiious {iiiwtcr or Ess-Ko/tlc?)), and the lower 
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scams n()ii-1)itiitmiiuiis or Sund-conlt There are liere 
HO less tlisiit 117 seams, ut I,20U fathoms of measures, 
eoiituiiinig ail aggregate of 294 feet of coal. Nearly 
tliree-foui tliK of the number arc uf woikable size, and 
they are now leeognised and mapiied over the entire 
(listiict by the aid of tlnee or four t/uidii-'scam^ of 
special cluiraeter and persistence. Of late jears 
numerous ami systematic Imrings through the ibalk 
,«tiata which overlie tlie coal-measures* on the North 
li.ivg jinueil (he eMsteiice of seveial additional similar 
folds ovei a still larger uiea, so that the prospeitive 
value of the field has been moie tluiii doubled, and it 
IS esiiiiiated that it loiitaiiis no less thiin 
millions of tons, liut ]ieihaps the ino'«t rcm.iilvable 


II U'«n iMikimJmiwii 

llMiIn 4 Oritfttroik 
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coalfield of the i'oiitiiieut is that of Saarbriu ken, on 
the Miiilli of the llun.siiiek iaime,aiid on liie left bank 
of the llliiue. lu this e\tenM>e ami I'olated liacr a 
greater lhiekiie'» ol measures ami of voaliMst' rbaii 
anjwliere else in laiiope. I’liissia has ihe enod fortune 
to possess tlie Itoii’s sh iie, whtlst a small bur valualile 
division, eonlaiiimg ihe b*vvvi seams onl\. falls within 
tlieeontines of Itlieiiisli Ibivaria (Uliem-pfal/.). ami tlie 
tall end li.is been jmived b\ Iniriiigs ami sinking to 
*e\t ml within the I'lemh frontier. The coal hasin, lu 
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outside measui'c, is about 60 miles long by 20 wide, 
aud its lower strata attain, in a lino from rielfingcn to 
Tholci, the cnornions doptli of 20,000 feet, wlii'iiie a 
great portion of the coal must ever remain lu.ielieiilly 
unattainable. 

The PiHssian mining otfieeis, under the lend of 
No'^ircrath and Von Dechen, liavc made most aeeiirali* 
surveys and sections of the measures, fioni wbieli n 
tind that tlic'total niimhcr of seams above 0 inil'e' 
thick IS 164, containing in all, SoS feet of eo.d, wdiilst 
the number at pieseiit deemed workable, /e iibtar 
2 feet, 18 77, with 24(i feet of coal, aud they isfim.ile 
that the qiiaiititj of workable eoal down to the depth 
of 312 fathoms, in the ilinni l*iiis>«i,in iiieles of 
tSnarhiiiekcn, tSuarl mis, and Ottweilei, is 2,7 jOinillmiis 
of tuns, W'hilst the total amount iii the ineismes loi 
the same limited area would be above ten times tli.il 
quantity. 

lu the International Exhibition of JM»2, perfect 
sections of some of tlu.se beila of coal engaged at tent ion, 
and the seams e.dlcd Calleiiberg, Sdiwulbaili, lleiisl, 
aud 131 uelier, reared up against the walls willi tlieii 
full height of 10, 12, and 14 leet, ailonled a tine 
sample of the pioducts of collieries which now' e\|toi! 
largely into France. One iioUble jmuliaiity in tin- 
coals, and in which they differ str.ingely fioin tho.se of 
Westphalia and Belgium, is that tlie lowest known 
seams arc bituniiuoiis oi caking coal, and that tlie 
higher they range m the series the moie ilnf op 
anthracitic do they become. Of small mipoilanee as 
reserves of fos.sil fuel, (oinpared w'ltli tlie two last, 
but yet very' suggestive in a geological jioini of view, 
are the two isolated piotrusioiis of coal of Ibbenbiiien* 
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and the Picshorg, near Osnahnifk. They f'otlSl^t of 
true coal-incasures, m whuh from fi\c to «o\fn f-eams 
have been ])rove(l and workwl on a nioder.itf 
Jiefoiu ijiiittin^ Wostiihalia, it should he .iihh'l tli.it 
heains of o\t cjitionallv f'ood coal, for the newer forma- 
tions, iiccnr 111 the We.ildcn strat.i which traxcrse a 
jart of the kingdom and extend into iranover and 
IJrunswick In the districts of TecklenVmig, Ilindez, 
Ohii.ihiiick, &c , t]i(‘sc seams, which lun from 10 to 41 
inches, are a "ood deal worked for local jmi poses, and 
Meld m some ]ilaccs Ctikin*:, m otheis anthiaLitic 
coal. 

Another rrnssnm coal re^non, that of Wettin and 
lioliejun, near TTiille, claims attention as forming a 
link hetween the north-westoi n fields and those of 
Sa.\oiiy. It Jias long Iicen woiktil, althoinrh figuring 
to <1 very niiiall anioiint in thentiiiiial returns. 

On CKissing tli<‘* J’nissiaii fiTiitories to their south- 
eastern corner, we anne at the loniote and conijiaia- 
iively uriwrought coalfields of Silesia That of Low'or 
>Sih bia cxtciida through the eiielcs of Land'hut, Wal- 
deiilimg, and fllat/ into nohemi.i on the soiith-wc'-t 
TIi.it of Ojiper SdesM oceupie'- parts of the circles of 
luitihiir, ilOiiiiek, Plcss, \e , ami jiasses on the one side 
into Uloravi.i and Austuaii Silesia, on the oilier hy 
llentlien, tow.iids Kiakaii This latter field esfieciallv, 
whuh waseommenecd u]»oii ouh in 17^^, is ol a value 
wliiili lias not been siiflieieiitl} .ijijtreei.iled Measured 
at its full thickni'ss fioiu the saddh- of Zahrze towards 
the outero]', it is st.vted to coutam uo less than 333 
feet of eoiil in se.niis of aho\e feet thiek ; whilst 
its extent, reaching far hetoiid the l)OUiid.iry shown iii 
'maps, IS diflieiilt of limitation, from the fact of the 
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coal-mcnsnres piusiug beaciiUi newer formations. But 
\\liilBt the total mass of the strata ajiiwars to bo some 
10,000 feet thick, and much of the coal may tbereforo 
lie at unattainable depths, it is made out with f.iir 
lirobability tliiit this repository must contain an ai.ul- 
ablo quantity, even within a working diqitli already 
exceeded elsewhere, of SO, 000 million tons of coal ! 

TIic structure of this latter eoalfiehl is not jet so 
tlioiouglily explored as to give eertaintj' to ealciil.itioiis 
for the future, but the surveys of men distiuguislied 
no less as miners than as geologists, Von Ocyiiiiauseii, 
Von Carnnll, and Ivrug von li'idda, leave little doubt 
that the district of the head-waters of the Oder iii.ij' 
be looked to ns a source of supply long after ue shall 
hare burned out our last ton of coal iioiu most of tlie 
pits of our 'Western countries. 

Al'itli the steady advance in jiroductioii of tlu* 
Prussian coalfields it may be ohscived that the most 
lluurishiDg IB that of Wcst[)halm, where the position 
IS eminently favourable to cheap transit, and where 
consumption has been fostered by the pi ice being 
lowered considerably below the standard of othei 
Contmcntal iiruduceis. 

The following table exhibits tlio quantities rinsed 
from tlA several disti'icts of Piussia during the j'ears 
1863 and 1864— 


Offli iiil centre 

1«A.1 


iHtM 

Cml* 

Ilrown 
f Udl 

Tfital 

OiiUx 

liniuii 
Co il 

Tiifii} 

1 l^ine 

l’rrMau(SilPsm) 1 4,481,1 

li till* (IV Siixrmy) j '»J,97I 

liortmuiifl (W("«tjihaba) 6,H7ri,liu 

Jioiiii (''uuliiULken) 1 

lunii 

itvii 

19n,5T« 

Itrim 

1 (VVI fl2l> 
iMt 

6,H7rt I’il 
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Ih, 

R,1 l«i 1 M 
t ll.VNhi 

Tull** 

JLM17J 

1 .41 
IU»»'K7 

'ImiH 

"i 1 w 
4 fJl IHNt 

*< 147 777 

i/i7H *'**a 
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The browrifcoal or lignite of Prussia, ns well as of 
Nassau and several other North German territories, 
now I'omnmiuls a great sale us a fuel, well enough 
suited to many ])uri)o.scs The shallow liasins of 
terti.ir^ rocks — ^generally sandstones — \vhich yiehl Ji, 
,ire scattered m patclies over a Vtist c\teiit of louritr/, 
hut attain sjieeial importance on the Ijower llhine, in 
llic Westerwald, in the Wcttcrau, on the Jtivci lillic, 
and in the Thiiringian district. 

Tlie coalflelds of SA\o^Y, altliough localU important, 
and interesting .is having licen geoloirietilly w i“U c\plored 
hy Naiimanti, Voii Cotta, Geinit/ and Von Giithier. 
are nut likely to exercise muck influence on Kuropeiin 
puiduction. Tliat of Zwickau t\as worked at a vei\ 
oaily date, and being fouud to extend beneath the 
Now lied sandstone, olTcia a good niagaziue for future 
supply. Whore bejit developed on the left bank of the 
Mulde, it exhibits 1) seams, with 06 feet of coul. 

Prom the careful examination of the cull plants, 
instituted hy the tSaxon geologists, it is sliown that 
whilst the uiidennost seams of HileMti, the mha series, 
may he termed L) copodiaceous or Siniciitmn coal, the 
lower seams of Zwickau are eliietly of .'^nnUnrupf 
fuimiug jieJi-ku/ifc 01 pitch-coal, that next ahoie the 
ISigilhiiia /one comes the Calainito coal, juincipally 
shown III the liiiif>^-kuliU' seam, which at tains locally a 
till! kiicss of !22 feet 0 inches. Above this occurs the 
Aniiuliiiia '/.one, .uid lastly, including the upiieruiost 
scams, the Pern zone.* 

The coalflelds of llaymclicii, and of Potschappel 

* The I'leni of our co.iI(ii'Ug ot lllniucgli'rghiro .lad Sonirrsetshiro 
*oOorB, I thiuk, a ]jiirallLl to tho ubo\o, but its dclails uued clusir 
oxuuunutioii 
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are of far emaller note, but the position^f tlic latter, 
near Dresden and tlio silver minus of Froibor», gives 
it a special value. On the Avliole, tins little kingdom 
produced in 1SG3, of coal and brown-coal together, 
2,331,083 tons; the true coal being l,00s,467 tons, 
raised fioni 88 pita, by 12,000 workpcojile.* 

Aubtiha. — The large amount of forest still existing 
in iniiny pnits of the Austii.in monarchy has rendered 
real a requirement of no serious importance until 
within the la«t few 3 ’ears, when the groat iiiorease of 
steaiii uavigatioiij of railways, and manufactures, leis 
given impetus to the production of every kind of fossil 
fuel. The true coal formation stretches from Lower 
(Silesia into a limited distiict of Ilolieiiiia, at the biise of 
the llicsengehirge ; and that of Ujiper Silesia foinih <i 
tiactof eoiisideiablc impoitaueo aioiind Mhlirisch, or 
Moravian Ostiuu, wlieic it is laiguly woiked by Vou 
Kothschild and olheis On the noitli-uest side of 
Prague the coiil-hasins of Schhui and llakomt/., that 
of Hiulmtz, and the v eistein one of JMsen, extending 
in the aggregate over some GOO square miles, are all 
being iiipidly opened ; hut no less remaikable me the 
strikingly thick seams of hiowii-coal (sometimes liom 
30 to 00 leet) found iii the flat countiy of Kliiliogen, 
Ijilin, Coiniiiotau, (kc., audlaigelj' shipped on tlic Flhe 

• Tho nipid iiicrc.iso of production in Sc^oiij, mptiiillj huh tlw 
Mor IH III, mil }>u npprvc(atcd from tliv »t.ilLiiiL>it i>l ■iiiiiiihI nti'iiiii's ,il 
iniLriul:! ot ten jc.irH — 
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TIio Ausfriaii rawo in tJie year nbova four 

millions of tons, of winch nearly ilic half is hrown- 
coal, but some of the viinotios of the latter arc so like 
go(xl bituniiiions samples of the older coal that I have 
seen one of oiir most experienced Newcastle pit-mcii 
entirely at fault in judging of them. A very supcrioi 
fpiahty occurs at b'uiifkirclicii in Soutlierii Ilurigiiry, 
and at Steiienlorf and some other localities in the 
Ilaiiiiat, where it needs an evamiu.ition of the fossiK 
111 the shales to convince yon that they are in the 
Lms fill Illation The tertiary hrown-eoiiK of lluiurar/ 
imd in the Austiian Alps, especially iii yt\ria and 
raiiiithui, aic not only of a \eiy useful ehaiaeter, but 
occur 111 scams which iii some motunccs attain the 
suijirisiiig (liickiies«cs of .50. 70, and oven ItlO feet. 

ISi'viN — Althoiu-li the Mediten.iiiciui ci'uiitncs are 
geiieially devoid of tine co.il, exhibiting only hero 
and tlieie deposits of lignite of no gieat importance, 
the t>p,iiuhli peninsula presents a notable exception, 
hoastiiig a large coal-lield of numcrtnis seams suuer- 
]»osed on the carhoniferous limestone of the Astiuias, 
and (w'O otliors apparently ol great though unev- 
])lored \aliiu at ISeliue/ luid at Yill.i Nue\a, iie.ir 
(Jordiiva iiut no gi eat de\ elopinent eaii he expcetnl 
whilst the iiie.ms of eoiuuiuuieatuui ivuiaiii so bad 
till! the lialniiuil tiauspoit of the produce of the 
(olliei'ies 18 elleeted oil doiikey-lmek. 

lliJssiA. — It 13 no inatter of w oiider if, in this most 
extensive of I’hiropean isniutiies, the almiulauco of 
finest, and the be.intmess of population, have retarded 
explor.itioii for eo.il. Hut the le^earehos of Sir 
llodeiiek ^lureliison and his associates, Count Key- 
serling and Al. do Vemeiul, have piuvod the existtiico 
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of a gigantic extension of lower carbonifiTons rocki, 
ranging along tlic flunks of the Ural Mountains, over a 
length of about a thousand miles. It is only hci'c .Hid 
there that any coal-seams have been pnived to exist ; 
but, although much interrupted, they are disti nelly 
shown to occur on both sides of the great dividing chain. 

These aiilhors have attached especial importaiue to 
the coal-field of the Donetz, Instwecn Ihe Don and the 
Dnieper, near the northern comer of the Sc.i of AaoI ; 
where the middle carboniferous limestones conlani .1 
number of workable coal-seams — not remarkable for 
goodness of qu.ility — over an area of about ll,0iin 
square miles. At the collieries of Lissitchia Ibilk.i. 
900 feet of measures exhibited several seams, iriMiig 
an aggregate of '10 foot of coal, and 50 feet of hods ol 
limestone witli marine fossils. 

Lo I’l.iv st.itos tliat ho found 2'2~> outcrops with 
above 400 feet of coal , I’lof. HelmeiKon moie leieiith 
(1804) asserts the existence of ncai ly 400 he.ims . ^ 
and as the northern side of the held is eoiered h\ the 
cretaceous locks, and cual-ineasuies have been alie.id} 
proved beneath them, it appciars probable tb.it Ibeie is 
Jicre avast development of the older coals, ot tvhicli 
we h.ave notable examiiles at home, in Nortliumbeibiiid 
and in Scotl.ind. 

The researches of Aucibach and Tr.iiitscliDld on 
the co.ils of central Kubsia, published 111 deseiibu 
a uell-inaikcd coalfield in the Guvernments oi Tul.i.iiid 
Kaluga, with an area of above Iff, 000 square miles. 

It apjiears doubtful whether any scams of the ordi- 
nal y upper coal have yet been found ; but should such 
be dihcovcrcd to extend beneath the overlying reimiaii 

* t’ule Quart Juur Goul Sue , vol xx 
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stratsi, it seems not iniprolKihlo that Tlassia may ono 
(lay he shomi to possess stores of coal, m some degree 
commeiisiirato with the nuigmtnde of her territorial 
jiroportioiis. 


GIIAFTEll VIIL 

COAL OP NOBTII AMERICA. 

Soi TJi of tliG St Lawrenee and the great cliam of lakes 
an astonishing ])r(i)K)itinii of the surface of the North- 
Ameii(<iu contmiiit is occupied by the carboniferous 
formation ; and if we merely compaie the coal-areas of 
the NcwAVoild ndli tliose of the Old, as iiulicatcd m 
geologu <il maps, m e should conclude that the total extent 
of the deposits of Kuiopu stand, as against those of 
Ameru'a, in llic Iiumhle ratio of 1 to :il. But an 
iinportiiiit fallacy is involved m these comparisons, 
inasiiuich us the posilmn of the Ameiican coal strata, 
Mith re>pect to the uiidci and ovcilymg rocks, is such 
us to e\liihit tlieii eiitiic area (in the midst of which 
also huge tracts aio hai ion), whilst many most valu- 
ahle portions of the Kuropean coalliehls arc covered h_\ 
newer foi mat ions , and there seems leasoii to doiiht 
wlicthcr 111 the former there ever ocnir such great 
ais'iiiiiulations of coal as distuiguish some of the lields 
of the hitler 

In the Jhitish colonics. New Bkuxsw ice and Nova 
Scotia ,iro csjvciallynoticcaldo foi a giaif thickness of 
carbon ifcions stiata, which have been already explored 
, 1)3 T’rof. Dawson and ^Ir. 11. Diowii Tlje immher of 
seams is compariitnely small; but it is luterestmg to 
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observe that the plants found in or near them belong 
to tho same genera, and often to the same species, ns 
those of the coals of Euro]Mj. 

The Ctunberland coalfield, oeenpying a tract which 
rises towards the Cobeqnid hills, oi.hibits along the 
shores of tho Bay of h’undy, at the Joggins, an nn- 
nvalled natural exposure of strata, which Sir W. Logan 
has measured to bo upwards of 14,000 feet thick. But 
although 70 scams of coal are included, very fciv of 
them, and those only thm, are found of woikal.le 
dimensions. Near Amherst, the productive division 
IS stated by Dawson to be 2,800 feet thick, with seven 
scams of from 1^ to 3 feet thick, giving a total 
amount of not more than 10 feet of actual coal 

A remarkable v^outrast to this state of things cvists 
in a limited district at I’lctou, whore, m a much Miiiillcr 
bulk of measures, there occur .) or 0 good xeiinw, the most, 
noticeable of winch is the Pictoii main coal, no le^s 
than 37} feet in thickness, inclusive of soniu bamls oL 
shale and ironstone. 

In the northern and centnil p.irts of Capo Breton, 
around the town of Bjdney, another coalfield, of coii- 
Bidcrahlc economic value, forms, according to Mr. 
Brown, one extremity of a {^eat coal region, tho mam 
body of which extends under tlio sea towards New- 
foundland. The same practiral author estimates tlic 
2 )roductivc measures as oanipying 2.10 s(|uarc iiiih's, 
and as possessing a thickness of 10,000 feet A tine 
mitimil section, on the iiortli-w(‘st side of Sydney II, ir- 
hiiiir, shows a total of 1,800 feet ot mciisiiics, w'llh 31 
Bc.ims of coal, hut four only among tliciii aio workable, 
c.'ih fioni 4 feet to 0 feet 9 iiiclies. The excellent 
1 ) ipors by the two above-named authors, iii the Qii.ir- 
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terly Journal of tlio ’Geological Society of London, 
contain most vnlimblo coutiihutions to oiir knowled;'!.* 
of tlie plants and animals of the coal. The quantity 
raised and sold in the pioviiice, dm in':; the jear endln^ 
the .tOtli Septeinlicr, IStJo, was 0.')1,2.)0 tons. 

Tlio extensive coal-fields of the Umtfd States are 
evidently, from their character and positions, hiit the 
huge remnants of a vast coal area, which once extended 
from the St. Lawrence down to the mouth ol tlic Mis- 
sissippi, and fioni the shores of the Atlantic to Kansas 
and the frontiers of Mcxho. Althongh they m.iy he 
sc]iarated from one anothci hy gaps of many miles in 
wnltii, the intoimcdiatc space is occupied hy the same 
floor of lower rock on which the coal-measures rest; 
and the productive portion of the strata is }>reservcfl in 
the several basins, hy occupying the depressions of the 
undulated fioMiies to which the entire mass has been 
hulijocted. Most violent on the east, along the line of 
th«‘ Alleghaiiics, these foldings become more and more 
gentle w'estwurd, so tliat in the great regions of the 
Ohio an<l the ^Iissouri the inclination of the beds i>, 
very Email, and their unhrokcii extent pioportionally 
gieiT. Coupled with this fact, lunieover, it is found 
that the char.ieter of the coal changes: lutinmnons and 
caking 111 the broad tlat aieas, it becomes iiioie and 
more dense when atroeted by the eoiitoi turns of the 
Appalachian chain, until, iii the paiallel svnelinal 
deposits of reiiiisylvama, it becomes .i pine aii- 
thraeito 

Piof. T^ogera, in his elaborate Geology of Ponn- 
.sylvanui,” dwells upon another bioad featiue of general 
interest. The beds of conglomeiate (millstoue-grit) 
'and sandstone, which occur iii great thickness, and of 
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coarse grain, on the CJist, gradaally thin away and 
become finer os tliev ajiproach the west; whilst tlic 
slight traces of liiiicstonc, associated with the coal- 
mensnres in Pennsylvania, become more and more 
im])ortant as they re.ich the Hue^essivc western dis- 
ti lets, untd beds, that in the Potomac basin arc only 
JO feet, become expanded at Wheeling to 200 feet in 
tliickncss. And as the coaLseucss of grits and con- 
glomerates points to the proximity of the land ^yhence 
tlicy were derived, whilst the limestones abound in 
marine organisms, it, results that in the coal period 
deep-sea conditions prevailed in the west; and that the 
mass of land, from which the sandy constituents of 
the coal-mcasnrcs were derived, must have existed 
where the Atlantic now rolls its billows. 

Tlio coalfields of the United States, estimated by 
liogeis to occupy an area of l')0,8oQ square miles, are 
five m number • — 

1. T/ie Apjtalachinn conljield, forming n senes of 
produeiic basins m Peiiimlvani.i, Ohio, Hl.tii I.iud, 
Virginia, Kentucky, and Teimessec, extends in a N.K 
and S AV. direction fov87.') miles — an nnbroken length, 
second only to the spread of the lower carlH>nifuioii>) 
rocks along the western fi<ink of the Tlial, 

In the southernmost and dei'pest or the I’ottsville 
trough of anthracite, it appears that about 2-3 uork.ible 
seams have been pnaed, in other parts only 10 or 12 , 
so that, although a ina\imuiii thickness of 207 feet of 
coal has been ascertained, the average would not exceed 
70 feet 

Some of the lower seams of the anthracite at tarn ex- 
ceptionally the thirkiiess of from 10 to 40 feet, ]m>l).ihly 
m cousequeueo of the local disapiicaruiice or attenuation 
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of the shales and grits which elsewhere divide from 
each other six or ^oven difterciit seams. At Lehigh 
Summit mine flu great emd-hed is a magnificent se>iiii 
of oO feet, contuiiimg 30 feet of good coal." 

In tlie hitummoiis field of western Pennsylvania, 
seven to ten workable seams f are found in a thickness 
of about 2,100 feet of strata, and the same number 
may be identified in north-west Virginia; whilst, as a 
proof of giadiial attenuation westward, it seems that in 
the western coal-field of Missouri and loua seven or 
eight woikablc scams at the utmost are included m 
about 700 feet of strata. 

The ujiper senes, cropping out a little to tlie north 
and noith-west of Pittsburg, is based upon a rcinaik- 
ablo seam of coal, named after flint town. Pi of 
lingers traced out, con (itiiore^ the prodigious extent 
of “this siipcib bed,” and sboiis bow incompatible 
u itli any (h ijt theory arc its iiersistciicy and regularity. 
"With a thickness of 8 feet at Pittsburg, rising to 12 or 
14 leet III the south -onsterli basins, ami dwindling on 
the (ri'Oiit Kcnawli.i to 5 feet, and at (Tiijaiulotte to 
3 leet, Its superficial nu asureinciit amounts to aboiir 
14,1 (On sijiiare miles ; and if uc iiulude some ilet.ii lied 
Imsiiis, which iiidieatc its foimer extent on the e.ixt, it 
would iipiicar tli.it the Pittsburg se.im foimeily (before 

• To Kii.ird mm lepivlii iionni, it m wrll to n iiioiiilior lliat it 

ipppiiiK til 111 ' till' Inc il pi'll till to iMiiio .1 >>1' iin li\ thi' tliuliiii ot tho 
( (I il us iviiifrlil} iiic'isiiiiil iiithi iliiiini'ot I 1 loss ml ,, nil] m tlip lusU 
risi' at i.iii'iim iiii};li"i, thu .tmuniit thim t ikon m iii i iIU iiiiuh m 
CM I ss 111 thu true Ihiikm ss 'Hiiu Sir Koi;* is si lUs lli.it iho so-c.ilU il 
“i)‘).lui)t II m" IS n.iIU ill fi'i't hoTi/oiit ilh nu isiiuil, .mil li> ioit 
nii.iHiircil in an Kiiropi.ni ms}, IuitI} lutoss tin, si.iin, .iiul, attur ull, 
S iui't nnl} in. Ill S.1I01I1I11 i.'il 

t Nuiir I'lltsliiir^, iilni\i' tlio P ot’im ol 10 loi't, is thu AVujncshut) 
coul, C hut, iiiiil hiluw it .i su.inis with about .’J b'ul ot coal 
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(lennclation) occnpiccl a surface o*f no loss than 34,000 
square miles. 

Another ohscrvablu foatnre of the upper senes con- 
sists in the interc.i1ation of bands of limestone charged 
with inai me fossils, and amoiiutmg sometimes, in the 
aggregate, to loO feet tliick. One bed cspcciallv, 
wliieli overlies the Pittsburg coal, has been remaihed 
to increase from 2 fbet m the Cumberland b,iaiii to 
41 feet at Biownsville, and 54 feet .it Wheeling 

Tno aggregate tliichncss of eoal contained in the 
measures, generally, of the Aiipnhichian coal-held, is 
far less than that above given for the antliraeitc region 
Even where the basin is dcAjicst, and the seams are I.) 
or 10 in iinmbor, it scarcely miioiiiits to 40 feet; whence 
it IS inferred by Ungers that, consideiing the great 
amount of denudation, we .ire haidly eii( itled to iiSMiiiio 
a higher general aveiago for the whole field than 25 
feet. 

The coal-trade of Pennsylvania may he said prac- 
tically to have commenced with the first sliiiuiieiit in 
1820, and the following uunibeis, given iii llio report 
of the Pliihidclplua Jioard of Tiade, show the iiieie.ise 
in quantity sent to market at lutervixls of ten years:— 







Ttmn 

1820 




• 

• 165 

1810 


• 



171,171 

ISIO 




a 

. 811, '>81 

18)0 

• 



• 

3,177,517 

1800 

. 




. 8,131,500 


Tn ISG4 the production omonntud to 10,1)31,319 

2. Jllint/It and Indiana coalfield . — Tins is a soinewhiit 
oval tiact, lying between a wide .intieliiiiil exiiosure of 
Devonian and Silurian rocks on the oast, and the s.uldio 
of carboniferous limestone of the Upper Mississippi on 
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the west, having a total area of some 61,000 srjuarc 
miles. 

Within this vast ilistru-t, nearly ns extensno ns the 
Appalucliiiin, many local disturbances and untluhi lions 
nifcct the htnita, and confine the available biisins iMthiii 
limits which me not yet thoroughly exploied In 
western Kentucky, the pioducti\e coal-measures me 
cstiiiiafed at 3,420 feet thick; the lowoi sines— iiieluJ- 
ing a liaid smld^tonc, called the Anvil Ituik, at the 
top— heiiig 1 ,020 feet, w ith nine W'oikable •'eams, and 
tlie upper gioiip being 2,400 feet, with eii'lit woikahh- 
semus and mimcroiis hands of limestone. An agiri eg.ito 
aniouiit of 40 to .00 feet of i*oal has lieu* been jnovtd . 
hut since all explorers agree that tlicie is a gre.it 
amount of luidulatiim bringing the older str.it.i to the 
fain lace— the Ilexures ruiiiiiiig N.W and S U , or o]>po. 
sitely to those of llie Appal.iehinii range — no satistac- 
loiy estimate of the avciagc ipuiiitity of coal can jet be 
obtained 

d Ima., Mmovri, and Arknnvin — Iii this enoimoiis 
avc.i, where upwards of 73,000 srin.in* miles me stated 
to he occupied he coal-measures, we caitiiot hut look 
iijicm the la ft or as lieiiig of .i degi.ided tjin* . nof oiili 
till* stony strata, but the IhsIs of nul abo Immul'' 
guMllj dwindled, both iii imniber and tliu kiie"- I’ml' 
Swallow, lojioitiiig oil the geology of ^li'Simii, cnii- 
inati’S the tot.il sections of the coal-iiiiM'-uics uu that 
rivei .it (i.’iO led , the upper peilioii eonr.iiiiiii!' tliiii 
bods of biitl' limestone, and no workable coal; wliibr 
till' lower group, between I’noiiev die and the mouth of 
the La !Rliiie, inelndes six coal seams, two oiilj of 
, wliieh, of 3 feet and 0 feet respeern ely, ,11 e workable. 

* Uogtis, * ul IVniiM L\ iiiiJ, \ul u 
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Dr. Dale Owen, in reporting on Arkansiw, mention? 
the occuri’cncc of sevei .U swims of coal opened upon m 
diilercnt counties for siuitlis' use; Imt most of them 
are only a few iiiclies thick; one alone, the Spadra 
scam, being 3 feet Tlicy apiicar to be heim-antbracitic, 
and to be intercalated among the lower mcmbeis of 
the formation ; viz., with the mdlRtonc-gnt, and close 
down on the “ Aichimedes” limestone. Sundry out- 
Ij ing deposits of coal and canncl promise to be of loci I 
value; but the contents of the field, ns hitherto de- 
scribed, are so utterly dispropoitionate to the ni.igiiili- 
eeiit show which it iiialces iii a geological map, that m 
a comparison of the coal-incasuies of dift'erent couuliies, 
the mere statimient of its area is of no value. 

4. Coal-fidd oj Trxftg — Tins c-vtreine soiith-westci ii 
distiict, estimated at 3,000 stjuiirc miles m extent, Dill 
be looked upon hy the geologist as ovjgiiially au exten- 
sion of Its larger iieiglihour in Arkansas. 

.j. Midinjuiicmil-pdil. — K ^elyeonsIdcr.lhlc extent of 
laud, betDeeii T.akes Huron and ^lieliigan, and esti- 
mated at rj,(i()0 to l.'),()0O square miles, is oeeiipied by 
a shallow basin of gciitlj' inclined or buii/ontal eoal- 
ineasnrcs. The fuiuidatiou on Dliicb they rest iqqiears 
to be ciiilioiiiferous limestone, tieipiently enntaiiiiiig, 
as it does also in Ihitish Xoitli Aiiieiica, deposits of 
gjpsmn. Jt ajipears singular that the interior of tins 
coal district is imperfectly known, and that us jetonlya 
tew points have been notieed wheie eoal ciops out. 1m om 
these appearances it has Ixicn conject iired that hut \ery 
few beds of Dorkahlc coal — probaliI> the very hoftoiii of 
the senes — exist here; and a pai.illel is oilered to tho 
bad ])light of the Irish coalfields, — loblied of tlitir chief 
contents iij Nature’s great jiluumg-toul of demulatiuu. 
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It will excite no surpinse that in a eountry of A\liirh 
the interior is so sciintily {icoplcd, and the tiinbcr-hirnl 
still so abundant, tlic coal-trade should be but of reccril 
oi igiii, and tlic quantity of fossil-fuul brought into tlic* 
market from native mines very inferior to the yield of 
European countries, m projioition to the extent of the 
coal-rocks. It was only m 1820 that the first inodcbt 
iiistaliiieiit of Stio tons of coal Aias sent from the mines 
of reniisylvuni. 1 ; and wc have seen that, doubling itself 
sometimes in five, sometimes in ten years, the amount 
has increased to above ten millions of tons in 1804. 
Tli(‘ other coal-producing States lag far behind, as will 
be inferred from the following table, showing the pio- 
diicc for the year ending June, 18f54, from the retmns 
nuule to the Iiiternal llevenuc Dejiartnient — 


stflto 

Ti>» 

Jthndc lohnil 


]'< iin<i}h,inia 

i:!,C08,41J 

Slitrj l.inil 

787,26') 

DiHirict CViluiiihi i 

712 

AVrbtern YiigiiiM . 

368,815 

KpiitvirVy . 

lU.D'Hi 

Mlbtouil 

(.6,187 

i lino 

. 1,821 OHj 

Tiidinnii 

1 li.,7(>7 

1 llinum 

'I2),2')l 

M i< liiKiiii 

ll. 2‘ib 

MiiinisuU 

36,2111 

KiinH IS 

2.(i 

I'lIllllIIlIU 

41, '188 

W IKlllIl!{tOII Tl Tllt<>l% 

7 7 51 

Tolul 

16,472,110 


Cot tain of the “disloMil” Staton are here omitted, but 
^tleorgin, Tennessee, ami ^Vlabam.i would only appear 
lor comparatively tiilliiig quantities. 
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It ia reported,* too, tiiat “ great looseness seems to 
exist in the compilation of figures mvolving large sums, 
ns well as in the n’turns roijnired to be made by the 
companies.” Whence it is probable that, allowing 
for local consumption, &c , tlie amount raised in the 
liltates cannot bo less than 18 millions of tons. 

Years ago the progress of the Pennsylvanian mines 
would have been much checked but for the duty plae»>d 
upon the importation of foreign coals, which has been 
varied from time to time, and is now 1 dollar 2.") ceids 
per ton of 28 bushels. Tlic distance from the mines t-i 
the chief centres of population, along the sea-board, is 
from 80 to 120 miles, and the carriage ajipears to cost 
nearly as much as the value of the coal at the 2 »t's 
mouth Tlie pric: at New York ranging in general 
from 22a to 24a j’er ton, and occasioually (as in 
running up npich higher, admits aji iinjiortatiuii into 
the States of above half a million tons annually. 

The great wealth m fossil-fuel of North Aiiiei lea does 
not end with the true coalfields above described. In 
eastern Virginia, a tract some 20 miles long by 4 to 
12 miles wide, contains cail in the lower ])art of the 
Jiiiassic group (with fossils very similar to those of our 
Whitby beds in YorkBliii-e), and the mam scam is stated 
to attain the thickness of 30 and even 40 feet of good 
bituminous coal. The measures form an irrcmlar 

n 

hasin, resting upon granitic rock, and the seams are 
much disturbed, and subjected to tliinmng where tlie\ 
are closely superimposed iijion their jinniary bed.f 
On the Pacific side of tlic continent, lignites of good 

* RpporU from Hor Majesty ’b 8critLim>s of EuiKisb} and 
tion, 1866 , 

t 6ca Lycdl, Quart Jour. Guol Sue, tol lu. 
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qualify, and often in seams of from 3 to 10 feet tliick, 
make their appearance at divers localities They appear 
to belong to the Cretaceous Kcries ; to ivhicli age Dr. 
Hector has satisfactorily referred the liguites of the 
Saskatchewan Iliver and of Vancouver’s Island. 

The geologists and statistical writers of the United 
States have constnicted diagrams and numerical tables, 
wliicli get handed about from one book to another, and 
give, ns I tliiiik, very erroneous ideas of the over- 
vhelniing iiuiiortanec of the American eoaliiolds as 
compared with those of Europe. It iiuiy be true 
enough that a vast area of country is occupied by rocks 
of the carlioiiifcrous period, and a proclivity to big 
figures may bo gratified by calculating tlie tens of 
thousands of square miles of extent • but it should be 
recollected that among the Eurojieaii coal-fields arc 
several in whicli, as m Westphalia and Silesia, the 
greater part of the productive ground lies covered by a 
cloak of newer formations. The total urea of coal- 
lucasures m tlie United States is given as 200,000 
Hipuue ludes, whilst that of llussia is set down as lOU 
miles; and this simple “unit of me.i8ure” is then 
applied os a standard showing the littleness of all the 
] hit opeaii fields. 13ut if the same method of calculation 
were njiplied to Russia that has been acted on in Ion .i and 
Missouri, and we were to take the length and breadth of 
the tracts over nliicli coal-beariiig roeks liiuo been 
found to exist, and may bo deemed contiiiuuiis, that 
empire, mstead of figuring ns a petty unit, would 
mil the States a hard raco for mere extent of car- 
boniferons foimiition. 

On passing, then, to what is of more weight— the 
t£ickncsB of workable coal — we ore coustiaiucd to bo- 

u 
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lieye, whilst fully Tccognismg the colossal yoluo of the 
Appalachian and of the Illinois and Indiana deposits, 
that the data for the estimation of the contents of the 
others are not yet satisfactory, and that the progress 
of exploration in such vast tracts will show many an 
clement for subtraction. 


CHAPTER IX. 

COALFIELDS OF ASIA AND OF THE SOUTHEBN HEMISPHERE. 

On turning our gaze eastward from Mediterranean 
Europe to the Lev-int, we may observe the contmiiation 
of similar characters in the rare occurrence of true 
carboniferous strata, and in the ficquent exhibitions 
of lignites of cretaceous or of tertiary age. The only 
remarkable instance of the former which we know in 
Western Asia is the coalfield of Ercgli on the soutli 
shore of the Black Sea, a district whicli was urged 
into some little activity during the Crimean war, but 
which appears to have so far sunk back again into 
the old sleepy state of ill-management as not even to 
supply the limited requirements of Constantinople and 
the other towns bordering on the Euxine. Every now 
and then the disclosure of sometliiiig black cropping 
out on hill or river side leads to the publication of a 
paragraph which makes the round of the European 
newspapers, and tells of tho discovery of a new “ coal- 
mine,” generally of “ inexhaustible extent,” and “ quality 
equal to the best Newcastle coal.” It turns out to be an 
instance of the patchy distribution of the lignitefi, 
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which hare seldom been good enough to command 
serious attention; although in one case, in the Lebimon, 
coiisidcrahlo workings were carried on for this article 
duiing the occupation of Syria by Ibrahim I’aslia. 

In India, largo tracts of laud, especially known 
about the Upper Damoodah and in Burdwan, are 
occupied by a coal-formation which, besides its e\.tent, 
18 notable fur very peculiar geological features. The 
active missionaries, Messrs. Hislop and Hunter, 
desuribcd to the Geological Society of London, in 185o, 
the occuircnce of plants in the coal-bcuring sandstones, 
some of them of genera which might be taken as 
common to the coal-measures of Euroiie, but others, 
such as Zaiiiites, Ticnioptcris, Glossopteris,Vertebr.iria, 
.vud Trizygia, which indicate a Jurassic asre. Some of 
these bear a close resemblance to the contents of our 
Oolitic coal-beds of Korth Yoi kshire, and to those of 
Virginia, and the pai'allel is rendered stronger by the 
])resenco of remains of Lcpidotus ami iEchinodiis, 
Jurassic fish, in the Kotd shales, which appear to 
belong to the same scries as the Nagpur jilaiit-beaiing 
beds. 

Messrs. Blanford and others of the geological staff 
under Professor Uldhani, have been working out the 
iclatiuns of tlicsc Eastern coalfields ; and one of tlie 
latest results announced is that Mr Medheott has dis- 
covered, in 18G5, i ll the Assam district, soiitli of th e 
Bitthiiiaiiootiu, several workable sea ms o f coal of u 
bet ter quality than any hitherto foun d m India. 

Parthcr to the north-east, the ingenious aii3 closely- 
packed natives of Ciima and Japan discovered at a 
^very early jicriod the value of the fossil fuel which in 
both countries exists in laigc quantity. Writing of 

h2 



100 


COVL AND C0\I.-M1NISG. 


the northern part of Clima, Marco Polo stated, in 
describing his travels between 1270 and 1200, “ Through 
the whole province of Catliay, eertiiin black stones arc 
dug out of tho nionn tains, which put into the fire, 
burn like wood, and, being kindled, preserve fire a long 
time ; and if they be kindled in the evening, they keep 
Hie all the night; and ninny use these stones because 
that though they have plenty of wood, yet there is such 
frequent use of stoves and baths, that the wood could 
not serve.” 

There appears to be no doubt tliat several largo .ind 
rich fields, iiroducing coals of good quality, exist m 
Chinn ; but we have obtained hitherto only meagre and 
fragniciitaiy a'’count8 of some of them fiom travcllcis 
unprepared with technical knowledge. On the upper 
waters of the Yang-tse-kiang coal scams crop out to 
tlie surface over a vciy large area, and arc worked on a 
small sc.ile by levels driven into the hills. 

In the prefecture of Iving-liua, AV-S-W. of Nmgpo, 
and near the town of E-u, coal-pits arc described by 
tlic llcv. 11. Cobbold, wliicb have been opened upon 
scams of a bright uon-bituminous cool. The mines are 
from 300 to 500 feet deep, sunk in lifts of 40 to 
5<) feet at a time, and having tlic mineral raised by 
successive windlasses at the intermediate stages. 

Notwitlistanding the facilities of water carruign 
existing throughout a great iinitof China, it is iiuinifest 
that great improvements must take place in the niimiig 
operations before these stores of mineral fuel can he 
made fully available foi nianufueturing and for the 
requirements of the atoani navigation of the Eiistei ii seas. 

A certain amount of prejudice, derived no doubt, 
fiom negative evidence, disinclines us to believe in the 
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existence of carboniferous formations witbin the tropics, 
1111(1 the discoveries of coaly substances hitiierto made 
m tlie warmer regions of the earth have generally 
teniU'il only to show that beds of lignitic mattci were 
formed even in these latitudes amid some of the later 
fuimations, whilst the true carboniferous rocks have 
not yet been traced within many degrees of the equator. 
A gicat local value may attach to these coaly lignites 
of siqierioi (][uality when workable in ceitain situations 
accessible to steam vessels, as at Labuati and elsewhere 
111 lloirieo,* uude\eii on the banks of the Zambesi. 

aiTiving at the southern latitude of Sydney, m 
Australia, wo meet again a gre.it development of the 
taiboiiifeioiis system, exercising alieadj’ a considerable 
iiifliu'iicc on the fortunes of our rapidly giwing 
colonies ISiuce the systematic description of the coal- 
bearing beds of tins region by Count do Strijclccki, in 
184% nunusoiis observations upon them have been 
contributed by ]\Ir. Beete Jukes, the Bev. W. B. Clarke, 
Mr. Selwyn, and Mi. W. Keene, nhich leave no doubt 
as to the iialmozoic character of the Ion er part of a 
gic.it conformable senes of strata, although the upper 
jiortioii presents anomalies romiiiding ns much more 
of the Iiidi.iii coalfields than of anything which we 
possess in Europe. 

Mr. Clarke pioposcsthc following general divisions — 


1 

2 


3 


4 


yVi inuin.ittii bIiiiUh, 700 tn 800 ft thii'k,- 
lIiiwkeBhnry Uoika, or Sidney Isuiil- 
Btoue, SOU to 1,0U0 ft thuk, » 

Upper ( i>,il iiiu.|.tiirvo, nUh the tiMl-seums 
of Kuwi.iHtle, &o , .1,000 a tliii'k, ^ 
Lower varboniforoug rooks, 8,000 ft thick 


Upper Ctirhoniferous, 
or IVnin.in (D.in.i), 
Juiaasic (McCoy). 


* See Quart Jour. Uool Sue , lol ii , p 06, and rol iz., p 51 
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Tlie presence, along with the cool seams, of snch plants 
as two species of GloHsopterut, Cyclopteris nmjusti fohn, 
and certain species of Sphenoptena and Phyllotheca, 
gives a parallel to the fossils of strata more recent than 
the European caihoniferous, but tlicrc is at present a 
difficulty in drawing a line of demarcation between 
the groups No. 3 and No. 4, whilst in the latter both 
jilants and sliells of the carboniferous and devonnin 
senes arc abundant. 

Mr.^ccnc, the Government Examiner of Coalliclds, 
states Oiat he recognises eleven distinct scams, which arc 
more or less worked. Several of these arc from 4 to fl feet 
thick. The Wallsend seam, worked between Minmi and 
Newcastle is 9 feet of good coni ; that of the Agncnltuml 
Company’s Bore-hole Colliery is 9 feet; and one wliicli 
crojis out near Stroud, on the same company’s lands, 
is as mncli as 30 feet, including sundry partings of 
shale and fire-clay. On the Hunter river, for a distance 
of fifteen miles up from Newcastle, scvcial considciable 
collieries aro woikcd, and even thirty miles farther 
north, at llix’s creek, near Singleton, a good seam has 
been oiiened upon. South of Sydney, about sixty 
miles, at Bellambi and Wollongong, sliipnicnts aie 
made of the coal obtained from workings on the out- 
crops of seams of very regular persistence in thickness 

The products of the Australian collieries are various 
in character, smith’s, household, and gas-coal being 
obtained from dilFerent pits, and a largo nmouiit of 
steam coal of very serviceable quality being rcgulaily 
supplied to Bca-going vessels. Several beds of bi- 
tuminous shale and cannel, which occur chiefly in the 
division No. 3, have recently attracted much attention 
as sources of rock oil. Imitating the mother country 



COALVIEIiDS OF ASIA, ETC. 


103 


not only in the names of its scams and mining localities, 
New South Wales has opened out a considerable foreign 
trade, and shipments of coal have long been made to 
Cliiua, India, and even to the ports of California. 

It IS not our object in this chapter to do more than 
invite attention to a few among the coal-bcarmg forma- 
tions of parts ol the world distant from Europe, which 
ap])ear to piouiihc future importance. We need not 
ri'liT, exci’iit 111 passing, to those minor deposits of 
lignite or of true coal which undoubtedly may be 
developed and awpiire a local value, although unable to 
weigh much in tlie coal trade of the woild. Tasmania 
and New Zealand come under this category, and some 
of the lignites of the latter country stand high for 
quality. 

Turning farther westward, we find that coal-beds 
exist in tlic Falkland Islands, and that South America 
promises great rcsidts — of but little value at present, 
wliilst her population is sparse and her forest lands of 
enormous extent. Very interesting, however, is the 
coalfield of Santa F6 dc Bogota, in New Granada, the 
fossils of wliieh prove it to be of cretaceous age. Hr. 
D.ivid Forbes has pomteil out the existence of true 
carboniferous rocks near the mountain lake of Titicaca, 
situated no less than 12,600 feet above the sea ; and 
within tlie last few years successive notifications have 
been made of important areas of tnic coal iu various 
parts of the fiouiishing empire of Brazil 
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CHAPTER X. 

BKABCn FOB COAL ; BOBMG ; AND SINKING OF SHAFTS. 

A VALUABLE aiBOunt of light may be throim upon the 
character of a cool district by surface rescorchet, iinac- 
conijiiuiicd by the brcakmg of the ground Quarries, 
roails, protruding rocks, sca-cliiFs, ploughed fields, and 
water-courses, will all yield to an experienced eye tlicr 
quantum of mfomiation. Even when, as in parts of 
Lancashire, the general surface is occupied by a thick 
cover of clay, gravel, &c (tlie drift), good facts may be 
gleaned in the channels and banks of tlie brooks which 
have cut their way down t*) the harder rock. Now and 
then a very complete view of the raised edges ol a 
whole senes of strata may be seen , ns in the eliff> 
shores of the Bay of Fuiidy, Nova Scotia, and of 
Cape Breton; vhenee wc ha\e sections, measured bj 
Sir "William Logan and Mr. II. Blown, embracing 
thousands of feet of strata. In the county of Carlow, 
Ireland, in Soutli Wales, and in the North of England, 
there arc frequent opportunities of tlius obtaining a 
measurable profile of some of the lower coal-measui es 
In this kind of search wc must learn to avoid being 
deceived by vain resemblances. Esiiccially dangerous 
IS it to trust to mere outward likeness in the shales or 
“ metals” to those of the coal senes : such may belong 
to the Silurian, to the Lias, or to other fuiiiiations. 
If true carboniferous shales, wc ought to be able to 
find in them some of the fossils proper to the ]icriO(l, 
before pronouncing on them. Still more irrelevant 
IS it to form conclusions on the presence of coal- 
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measures because tlie surtaco is covered with a cold 
clay, or because you liavo liniestoue on one side of 
your field of action, or lieciiusc ironstones have been 
found about tlie place. Each of these circunistanres 
mtnj be true of a coalfield, but is not necessarily so ■ each 
may also be true ot many other formations, and would 
rcijuire corroboration by other characters. The pre- 
sence of a spriiif^ of water depositing ochreoiis oxidy 
of iron IS often noticeable near the out-crop of a coal- 
seam, but the mineralogist will recollect that, since 
this appearance is derived simply fiom the decompo- 
sition of iron pyrites, it may occur in many other 
classes of rock in ^\hlcb that common mineral has been 
accumulated. Not c\eii the uudercKiy, a itli its matted, 
carhonisud roots, is sufiicient evidence of the nearness 
of a bed of coal, for such a niaternil 1ms bomctimes been 
deposited, and eithoi the conditioiib lor the abund<iut 
growth of the coal-plants have not biipci’veued, or the 
coal may have been formed, and subseipieiitly been 
lemoved by natural dcnudatoiy action. 

In these cases, a pick and shovel may sometimes 
lend Ubcfal aid , but moie commonly it becomes ad- 
visable to ro8o'’t to “boiiug,” either for the actual 
testing of a particular spot, or for filling up the gaps 
between poitioiis winch may bo tolerably well deter- 
mined at the surface. 

Tins subject has bOen already treated m one of the 
Uiidimentiuy Tieatises by Mi. Swindell, and we shall 
tlierefurc touch on it hut brieily 

The ordinary mode of lioiiiig through the alternating 
rooks overlaying or forming a coalfield is by menus 
•of a steeled ehiscl, or bit, of various form, screwed to 
rods of the best bar-iibu, about an mch thick, screw - 
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intervals of from C to 18 feet At the spot 
or the bore -hole, it is usual cither to cieut a 
wooden-stagingr, or to sink a preliminary pit to a few 
feet or yards in depth, so that a greater length of rods 
may be drawn at once, and part of the tedious delay of 
screwing and unscrewing may be avoided. To aid in 
this object, too, n tall triangle, derrick, or 8henr-l(‘gi<, 
with sheave, should be erected; within which the rods 
may be drawn and lowered by the agency of a windhiss. 
In order to lift the rods and cutter a few inclies for 
each stroke or blow, either a sprmg-polc may be used, 
fastened down aj; the bat-end, and with the rods sus- 
pended at the thin extremity; or a windlass, round 
which a rope coming from the rods is passed with 
two or three turns, whilst a man liolds the “ slack,” 
and when the cutter is nused to a suthcieut height by 
the men at the windlass, slips the rope to allow the 
rod to fall. Meanwhile a rotatory motion is gi\en to 
the rods nt each stroke by the master boi-cr and his 
assistant, holding a cross-bar which clutches the iipjier 
rods a little above the surfiee. The chisel thus at c.icli 
blow cuts the ground in a fresh position, and when this 
action has been continued long enough, the rods nro 
withdrawn, by unscrewing length after lengtli, and the 
“ sludger,” an iron tube ol 6 feet long, with a valve in 
the bottom, is lowered by a rope, and being dropped 
heavily several times to the bottom of the hole, soon 
gets filled with e/eins, which being then bi ought to 
the top are carefully examined, whilst the rods are 
again lowered, to go on with the pounding action. 

In order to reduce the time and exjiensc of this 
mode of boring, the Cliincso system of boring by a, 
rope instead of rigid rods, has been a good deal 
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employed of late years ; but it is open to the objection 
of sometimes making the hole untrue, and moiu otten 
of ending in the ciitastropho of a broken rope, and of 
the heavy iron cylimlrical catting-tool remaining at the 
bottom of the bore-hole. 

Exploring bore-holes are generally from 3 to 5 inches 
diameter, and may be guarded against many of the 
aci'idciits to which they arc liable, by being lined with 
pipes of Bhcet-irun, added on from above as the hole 
iiicicabes m depth. 

When larger diameters are to be emploj'ed, and 
greater deptlis than 300 or 400 feet attained, the 
.serioius difHciilties which supervene are met by various 
contrivances, such as the hollow rods first successfully 
used by (Ej nliauscn, wooden rods with iron coiinection.s, 
the fi'cc-falliiig cutter first devised by Kind, ilLc.; but as 
these lelate chiefly to the boring of Artesian wells foi 
water or for brine, we need but mention them here. 

Wo may, however, cite as, perhaps, the most lemark- 
able borehole yet accomplisheil, one which has not long 
since been completed by Herr Kind, for exploring pur- 
jioses in the coalfield of Creusot, in France, to the depth 
of metres, or 3,017 feet English. 

Steam-power has for these purposes been largely 
employed of l.itc years. Messrs. Zllatlier and Platt 
have made remarkable borings by their lugouious 
cutter worked with a Hat wire rope , and several patents 
liavc been taken out lu Enghiiid and Scotland for 
different menus of applying this more economical 
])owcr, whilst Messrs. Kind, Hogonsoo, and Mnlot hav'o 
severally availed themselves of it iii their great works 
ii; Germany, France, and Belgium. 

At some mines a set uf boring-rods is specially kept 
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for exploratory work, and for oocasioniil ojwr.ation'i to 
assist the working of the mines ; whilst in many of our 
districts the work is pcrfomiwl nnder coiilnict, hy 
borers who devote themselves to this piirticulur t.isk. 

The tariff for boring at Newcastle was, in lSo4, 

for the first five fathoms 7y. Or/ per fiifhoin 
„ second „ lOji, Or/. „ 

,, tliinl „ 2s Or/. „ 

and so on; irrespective of charges for carnage, iix.ng 
apparatus, and boring through lei'ks of uiiiisiial liaid- 
iiess, as n/n», &c. For deciicr horc-holcs, i.e, from 
1,000 to 2,000 feet, it is diDficnlt to give an approxi- 
mate idea of the expense; but thousands of poiimls 
are soon involved, and eases miglit be quoted of such 
operations in tins country where the cost lias been 
at the end no less than £9 and even £12 jier foot! 

A patent was taken out in 1844 by Heart, and a 
similar plan practised by Famellc in Frence, for 
hastening tlio work by ciu]>Io) ing a tube as the hoiiiig- 
rod. Down this tube a stieaiii of iiater was niaile to 
flow, in sufficient volume to carry oil' and bi iiig up, 
round the circumference of the bore-holi*, tlie //tim 
made by the cutting-tool. Holes of nimlciatc depth, 
in easy ground, were put down by tins nieaiis with 
unexainpled rapidity. 

A great adv.intage which boring iiossesses over the 
ordinary sinking of a shaft is that the opeiation (.in lie 
carried on without the necessity of ]mm]nng out thu 
w'ater, and thu more rapidly indeed thegreatei thu mUiix 
of water. In order to combine this boiircu of economy 
with the mode of gaming personal access to the co.il, 
shafts of from 3 to 15 feet diameter have m Westphuri.i 
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lieen sunk by gigantic boring apparatus ; successfully, 
so far as related to the total cost, and forming a process 
appliiMbbj with gi cat advantage if only a suitable biimg 
or tubbing can bo inseited, and a water-tight juuttiou 
effoctod below the points of iiiiliix of water. 

The shii/lts by uliich all collieries are opened and 
worked, t‘\ce])t the few which in hilly districts have 
Ihe aihaiitiige of fieo drainage, arc gcnenilly circular 
in J'higlaiid, thiuigli many elliptical and a few rectangular 
ones Tiiay he scon iii youth ^V ales, and the latter form 
IS common on the Coiitmeiit. In Belgimii a poljgon 
of Id, lli, or even 1C sides is a frccpient foiin, and 
jh adopted, like our circular ones, for the better roist- 
aiiee, by .nd of tlic special kind of lining eiii])lojcd, 
to tlie iiie'<siire exerted upon it from the lock iiiouud. 

A ^^3ly few' only can now be seen of the little old 
pits, like draw-wells, of 4J feet in diameter; and 
whilst foi ordmiuy ])urposes they arc now commonly 
8 or 10 feet diameter m the clear, they att.iiu, when 
intended for an iui])ortant u].icnst, or for a large get of 
co<il, to as iiiueh as 16 feet diameter.* 

The aetu.il sinking, wdicn in ordinary ooal-measures, 
IS eftbeted by the lieaiy pick, called a /aic/', by li.immeis 
and wedges, and by bliusting with powder; whilst the 
broken giouiid is raised to tbc suif.ice at liist b.v ii 
comuiou windlass or jack-roll ; then, as the work gets 
deeper, by a ff/n or horse-whim, and afterw ards by a 
steaiii-eiigiiiu, often a temjroraiy one only, to lie re- 
placed, when the pit is down, by the regular winding- 
engine. 

lint when the measures axe covered by other and 

• * Klliptical Jilts have bci’n sunk in flniith W.iIcb and at Chatnlinaux, 
m Oaljjiuiii, lu mucli as 18 and 20 loet in leiijjth 
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more absorbent strata, saturated with water, the nin- 
mng of a colliery becomes a most scrions undertaking, 
tasking the energies of the best men, and sometimes 
collapsing after a ruinous outlay. 

Examples of these difficulties are aiTurded by surface 
beds of sand and gravel, by tlie well-known red sand 
under the magnesian limestone, through which so 
many of the North-country pits have been sunk, and 
by the terrains marts encountered by the colliers of 
Mons and Valenciennes. 

As long as the coal scams arc accessible at siniill 
depths, managers are liberal in the use of shafts ; 
indeed tliere arc districts where the great number of 
old shallow pits are a positive nuisance to the niodei ii 
workers. But us expenses increase with dcptli, it 
becomes an oliject to uork a larger area fiom one 
establishment of pits, and for this purpo.se it is worth 
uliilc to improve ventilation and the underground 
c.irriage, so that shafts at ficqucnt iiitei’valH sliaU not 
be needed. Even when tiding along in a mihiny train 
you may remark the difference; how in ]>!irts of 
Ktaffordshire you will sec the ground iiddled ivitli 
crouds of pits, whilst m Durham and Norlliuniberland 
a single “ plant ” of pits and engines will work the 
ground for a mile or two on each side. 

The cost in extreme cases being some €00,000 for a 
pit of near iqion 300 fathoms m depth, and being stated 
once or twice to have amounted to near €100,t>IIO, 
there is a great temptation to make this one suflioe ; 
and by means of brattices or divisions (of wooil. oi brick, 
or stone), wonderfully good mining has been done in 
the Northern coalfield with a single shaft. But siiieo 
the sad catastrophe at Hartley, whieli resulted from a 
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concatenation of omissions and misfortunes, an Act q{ 
Par] iiimeat requires that where there is no second outlet 
another shaft shall within a limited period bo sunk. 
Many of the larger works, however, are able to apply 
a special shaft to the ventilation as an upcast, whilst at 
others coal will be drawn, and at one of them the 
pumps worked. 

When the measures through which the pit is snnk 
consist of stony rock, they are often allowed to stand 
open, but when shales prcpondeiatc, and in all cases 
where mncli trnllic is carried on, the pit would become 
a dangerous tlioroughfarc, and has to be u ailed witii 
buck or stone, to which in some eases, as against 
the infliK of water, wood or cast iron may be preferred. 

In fragile ground the commencement is to secure the 
shaft by temporary timber. Curbs or mbs, rings formed 
of segments of wood, lue prepaied, to ht the dimensions 
of the shaft; and, liaMng their joints in the direction 
of the radii of the tiitle, w ill when 4, 5, or G inches 
squ.iic, resist a he.uy piessiue iiom the sides. They 
are supjjorted at inteivals gcner.illy of about .3 feet, 
b) a few upriglit jiiops, and nio, as it weie, hung to- 
gethtr by thill planks, termed stnnqing r/ca/k, which are 
nailed against tlicm, whilst the whole striictiire may 
be teiniMirarily suspended, if need be, by attaching 
lb to a coiqile of stout balks laid acioss the top of 
the sluift. riehiiid the cubs a buiknnj is formed by 
(li'LViug down planks of some 0 feet lone:, close together 
in bad giound, or at small lutenals iufa\ouiable rock. 
"When a firm foimdaliou of stone oi bind h.is been 
reiicbed, a bed is jirepared with backs or chisels to 
receive a broader curb of either w ood oi cast iron, and on 
'this a wall of brick-work is built up to the surface, or 
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above it when tin-rooni is ronuircd. Tlie pit is then 


racommeuced, of smaller 



>I(E U 

Rcule, 1 Inch to 10 fc«t 


ah,cd Ciiitiofthcliniliennff 
aCfbit I'uiicli ]jru|M 
a t line kin^ plnoku, nliowii in section 
but otlii nvido tiuiilK k\ f<ii ckunicM 
/a Stnii^intc <lunl 
Aft Curb for Um» wallmj; 


diameter at first, afterwai’ds 
opened to its former dimen- 
sions, and at a suitable place 
a licsli length of walling is 
begun, and earned upw avds 
till by carcfnl adjustment it 
IS made to coincide w itli the 
upjicr length and to join nii 
to its curb. In some f(‘W 
cases, where soft material 
has to be passed tb rough, 
the walling has been built 
attlic Buifacc, hold together 
witli tic-rods or claiiii>mg 
bars, aud gradually sunk 
dowiiwanls by cautiously i e- 
moving the ground fiom 
beneath the cm bs upon wlneli 
it IS oonsti ucted. But wlieie 
actual quicksand oeeiipies 
the sm’facc, vaiious ollioi 
contrivances have to be em- 
ployed. The method of 
IS to drive do\Mi iron-shod 
3-ineh but tens of 1 2 or 14 lisd, 


in length, supported by curbs, and forming a circle ,is 
much larger than the ultimate size of the shaft as to 
leave room for successive inner circles of jnles doi\ri 
to the depth at which solid ground is expected to la: 
found. The sand is of course excavated in proportion 
as it is practicable to drive down the piles ; and at 
length, when a firm fooudatiou is reauhed, a broail 
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curb is laid, and the walhng built tip m the midst, 
whilst the space around it is carefully filled up and 
packed closely. 

To obviate the expense and delays of this system 
iron cylinders have been in some cases sunk by 
pressure ; but this again, from the difficulty of keeping 
them vertical, and (if they be intended as the 
])ermauent lining of the shaft) from the obstacles to 
making a water-tight joint with the solid ground at 
the bottom, is a very troublesome process. In order to 
necoinplish the latter object, M. Trigcr, in the year 
1845, introduced in France the ingenious idea of 
keeping out the water by foremg down compressed air. 
Hu formed, by means of a flooring in the tube, a lower 
nir-tight compartment, in which he found it feasible to 
work under a pressure of as much as 3} atmospheres, 
obtained by air-pumps dnven by a steam cugme, and 
by this means succeeded in establishing his water-tight 
joint at dc^iths of 60 and even 83 feet. For the more 
convenient working of this method a second chamber 
was formed above his lower working one, which had 
a trap-door communicating with the shaft above, and 
another opening into the chamber below ; and one of 
these doors being always dosed whilst the other was 
opened, the excavated material could be drawn up 
without any serious loss of the compressed air. A 
stand-pipe, passing from the surfuce down into the 
bottom of the workmg, afforded a ready means for the 
water to rise in a constant stream. Triger’s method 
has been applied with success in several shafts in the 
vaUey of the Loire, and more recently at some difficult 
^nkings m Belgium and Westphalia. 

One of the most important benefits conferred or 
I 
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coal mining has been the introduction of ivUMng of 
shafts {cteoelage, Fr.) largely practised in the North of 
England, and on a somewhat different method in 
Belgium, Northern France, and "Westphalia. When- 
ever large springs or feeders of water occur in the 
sinking of the pit, and a scries of water-tight measures 
intervenes between the watery beds above and the scam 
of coal beneath, it is possible by this means to keep 
out tlie whole or nearly all of the water, and thus to 
relieve the mme of a constant and sometimes rumoub 
water-charge. 

Towards the close of the last century several of the 
shafts near Newcastle were thus fitted with pktnk- 
tvhhmg. At a small distance below the watery strata, 
a led was cai-cfully cut and dressed to receive a wcdging- 
curb of oak, between the segments of which thin deals 
were placed edge-ways ; the joints were then wedged 
with wedges of seasoned fir introduced by means of a 
flat chisel, and the space between tlio curb and the 
stone at the bock was similarly driven full of wedges. 
Lighter rings of wood, the spikimj curbs, were then 
placed at intervals of 18 inches to 3 feet, according to 
the pressure, and to these were fixed by iron spikes 
planks of 2^ or 3 inches thick, bevelled to suit the 
sweep of the shaft, and the whole structure was thus 
can-ied up to a point above the watery strata, and there 
capped by another well-wedged curb. Thus the water 
was prevented from entenng tlie pit, and a pressure of 
as much as 100 lbs. to the square inch could be resisted. 

The corrosion of the spikes, and the consequent 
serious leakages, have caused the abandonment of 
this first method. 

Soon afterwards the solid wood tubbing was tried. 
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which is now largely practised m the polygonal pits of 
the Belgian and French collieries. A wedging airb, 
trouase pic(^e, is, as before, placed on a carefully 
smoothed bed, and sometimes superposed on a narrower 
one called the tromae eolklee, thin slit deals ore placed 
between all the joints, moss or oakum is packed m at 
the back, and by wedging, as long as a chisel cun be 
made to enter, all the joints arc made tight, and the 
space at the hack crammed full with thousands of 
wedges — at first of a broad flat shajie, and afterward*! 
narrow pointed ones. The tubbing itself consists of 
blocks of good oak or elm, with the joints well planed 
to fit, and lined with sheeting deal for fartlier wedging. 
In the polygonal pits the vertical joints arc made to 
coincide, the horusontal ones ore irregular. As before 
described, the length of tabbing is earned up past the 
watery ground, and capped by another wxdging curb, 
or joined to an upper length of similar woik. A 
tubbing of this kind hi» the advantage of resisting 
the action of corrosive water, and when well executed. 
Withstands a pressure of two or three hundred pounds 
to the meh. At Carling, m the Dcpaitnicnt of the 
Moselle, a pit has lately been sunk by H Pougnet, to 
work seams at 230 and 280 metres dcptli, and it has 
been tubbed m the manner above described, for a 
length of no less than 160 metros, or 524 English feet. 

The forcing down of cast iron cylinders has m many 
eases been successful ; but when tlic diameter is large, 
and the tubbmg needed at some dcptli m the shaft, 
they have been cast in segments, having flanges towards 
the inside of the pit by which they were bolted together. 
• This variety has now become almost obsolete since the 
introduction of the modern method, but is nevertheless 

i2 
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capable of doing good service, especially in going 
down through alluvial matter at the surfaee. My 
friend, Mr. I’letcher, F.R.S., has lately by this means 
earned a shaft successfully through sixty feet of coarse 
gravel and boulders, full of water, in the valley of the 
Derwent, between Workington and Cockermouth. This 
shaft IS 12 feet diameter m the clear; the lower rmg 
of 18 inches high was sharp-edged below, and above 
this only the vertical jomts wore bolted, the horizontal 
ones left free to a little play. The exterior of this 
tubbing is of course flush, to facilitate its passago 
downwards, and the joints lined with sheeting deal to 
make them tight. 

The great facility of dealing with cast iron, or fne/nl 
in any desired pattern, has led to the special advance- 
ment of this variety of tubbing in England. The 
commencement is very similar to what has already been 
described. One, two, or three wedging curbs, according 
to the pressure expected, in segments of cast iron, are 
laid and wedged with the greatest care, since perfect 
tightness here is of the utmost importance. Upon the 
upper one the plates or segments of tubbing arc built 
up, sheathmg of pitch pine, f or ^ inch thick, being 
inserted between all the contact surfaces, and the 
vertical joints broken, as in stone work. Tlie plates 
are from | to 1^ inches thick, and between 3 feet and 
12 inches in height, according to the amount of 
pressure to which they will be exposed. They ai-c 
smooth towards the inside of the shaft, but strengthened 
on the outside hy flanges and cross-ribs, supported by 
brackets. Before bemg placed, they should be tested 
for soundness by being smartly struck all over with r 
moderately heovy hammer. Every segment lias a 
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hole in the middle, tlirough which tlio water may eicnpc 
until the whole structure is prepared. The vertical 
joints are meantime weilcjcd, hut the lionzontnl ones, 
for fear of lifting the plated, wait until a sufHcicnt 
height of segments has been built up, and is surmounted 
by another wedging curb. Then, beginning at the 



Fid? 1*1 Cwt-iron tnbbiiiK rontinf; on two riirMp Uic nrpfr one hollow 

( «ut mn, Iho lower one of wood. 

bottom, oaken plugs are driven into the centre holes 
ns the water rises behind the plates, and the wedging 
of the joints is completed. The air or gas must be 
iMowed to escape fiecly above the water, and caution 
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therefore is exercised in not' jilugging too rapidly. 
Should any aeriform fluid thus bo imprisoned it will 
be apt to burst a plate or blow out the sheathing ; and 


■DljQCiljO 

pnQinnr]] 

.uulUCjljO 



Pig 14 Cnst-iron tubbing ^ato, elomhon and crou aectiou 

m order to relievo the pressure, a pipe is sometimes 
fixed from the upper ring of plates to the next length 
of tubbing above, and again from that to a higlior 
part of the pit. 

One of the most remarkable instances of tubbing is 
that of the Shircoaks Colliery, recently opened by tlie 
late Duke of Newcastle. The pits are 51.3 yards deep 
to tho “ top hard ” scam, 12 feet diameter, and the tub- 
bing in 1 ] Icngtlis, extends for a total depth of 1 70 
yards, and weighs about 600 tons in each pit. My fnenil, 
Mr. C Tyldcn Wright, under whose supervision it was 
completed, informs mo that the pressure at the bottom 
was about 106 lbs. jier square inch, and that tho cost of 
the lower and stronger part was as follows, per yard : — 

£ H 

126 cwts of cant iton at 7« . • . 41 2 

Fixing ditto 3 0 

AVedging, about 3 0 ■ 

Laying rings (about 10 yards apart) . , 10 0 

£60 2 
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In order to give a vent to air and gas, taps and pipes 
are applied, communicating from behind the tublimg 
to the surface, through which a large volume of water 
is now discharged; and by the final completion 
of the work in 1858, heavy feeders of water, which 
during the sinking yielded as much as 500 gallons or 

tons of water per minute in the two pits, have been 
tJioroughly excluded. 

Cast iron is so subject to destruction by the corroding 
action of the water, and of the smoke and gases from 
the ventilating furnaces, that many schemes have been 
tried for its preservation ; a close lining of brick answers 
well, but makes it difiicult to get at and wedge up a 
leak or replace a faulty plate ; a coating of paint or 
tar, and a lining with wood (3-mch birch-wood at 
Shu conk) arc more or less cifiracious. 

M. Chniidron, a Belgian, has succeeded in tubbing 
pits by a method which promises to have the advantage 
of great economy. The shaft is bored by Kind’s 
apparatus, and the cast-iiou tubbing lowered ns the 
boring advances. The bottom ring of the tubbing has 
a sliding case, in which is placed a quantity of moss or 
oakum, which when the whole length of the tubbing 
comes to rest on the water-tight bed cut for it by tlie 
borer (under water) gets so packed as to fonii n tight 
joint. The water is then pnnipcd out, and the pit is 
ready for wedging and completion. At the colliery of 
PiTonnes, where the watery strata extended from 141 
to 344 feet deep, tho pit was tubbed at one-fourth the 
usual cost. 

In 'Westphalia much attention has been given to 
tubbing with stone set in hydraulic cement, but although 
'applicable m some cases, this method is comparatively 
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diimsy when a heavy prcasure "has to be met, and the 
cement is liable to dcstraction m furnace shafts. Tlio 
first outlay for a substantial tubbing, whatever bo the 
material, is no doubt ver} serious, but the great 
advantages to be gamed when it can be suitably npjilicd 
arc such as to maJre it desirable to extend the practice 
more generally. It is not only a benefit to tho mine 
in relieving it of a heavy and constant charge, and OT 
tlic interruptions and accidents inseparable from the 
use of large pumping apparatus, but it is an advantage 
to all tho dwellers round, and may thus interest the 
general public, as retaining tho waters in their natural 
channels, and thus obviating that destruction of springs, 
which 18 often chargol upon the miner as a heinous 
offence by other members of tho community. 


OHAPTEIt XI. 

DKIVINQ OF LEVELS AND CUTTlKa THE COAL. 

Tub preparatory -work of a colliery is far from being 
completed when tho shaft has reached the bottom of 
tho scam. It would bo rum, especially in deep work- 
ings, to attempt at once to e.\tract coal in any quantity, 
for the weakening of the ground by its removal would 
not only tend to bring m or destroy tho pit, but would 
crush the roads which should remain open as thorough- 
fares for tho working of the distant parts of the 
“ royalty ” or field of operations. 

In the first place, then, a large mass of coal should 
be left unwrought around tlie pit as a sAa/i-pillar,' 
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having only the narrow drifts cut through it, which 
arc to be employed aa roads and ns channels for air 
and water. Next, the levels or drifts for these purposes 
are to bo driven out m the directions required by the 
lie or position of tlio strata. W'here the beds have a 
dcliiiito dip in one direction, the working pits arc 
usually placed as far towards the deep as it is con- 
venient to go, so that, underground, the coal may be 
brought down hill to the pit-bottom. But as theT 
■workings advance, it may after a time be convenient, 
instead of sinking fresh pits furtlier to the deep, to 
sink the existing pits deeper, and drive out cross-cuts, 
or to work down-hill and bring the coal upwards I7 
engine power. 

The annexed figure represents in section the valuable 
upper seams of the Flintshiro coalfield, where they dip 

Smithy Hirer 

Top Hill. UL Slanh Dee. 



Fig IS. Srrtiffli ntcoiil Mom* nt Bogi'lt— ISrt janli to thi* iuIl 
9 S ond 3 nra tlio two, Sre, niiil tlin’C->anI lonis iwjicctireli 
B ami 4 ]« are Uio Burlwg ami tonr-loot Bomnm 


beneath the estuary ot tne Dee. Tlio pits at Top Hill 
have cross-cuts driven through the measures ; the pits 
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nearer to the marshes have down-nill drifts carried in 
the inclination of the scams. 

Should the strata lie in a tfoughy the pits may 
advantajj^ously bo placed in its middle line, so as to 
command the coal on both sides. 

In those few districts where coal still remains to be 
got by “ free drainage,” the workings will be started 
much the some as from the pit-bottom, the levels being 
driven at once into the lull-side ; but the arrangement 
18 usually a defective one for quantity, as not allowing 
so readily of extension in each direction. 

One of the most serious questions to be solved by 
the coal-viewer m the very outset is the system by 
which he means to work his mineral ; and in order to 
form a judgment upon this head, it is imjiortant that 
he should not only be acquainted witli the \arious 
modes in use elsewhere, but should have acquired a 
knowledge of the peculiarities of the scums in his own 
district. The first step must be nearly tho same in all 
eases, although it may lie so much the simpler us the 
colliery is shallower, smaller, and not required to stand 
open for so many years. Tins step is the opening for- 
^^ard of the levels, diifts, or way-gates, which are the 
pioneers of the excavations, and must precede, at least 
to some extent, the removal of coal on any large scale. 
They arc, ni fact, generally characterised ns narrou , or 
dead work, in contradistinction to tho wider working 
places which follow, and which alone arc expected to lie 
icimmerative. 

Is the proprietary well provided with capital, the 
extent of area not very groat, and the ground firm, tho 
levels may be driven to the boundary of tho royalty, 
and tho coal worked back towards the shaft, leaving* 
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tlie dangerous spaces from which the coal is extracted 
(the tea^ or goaf) behind, entirely done with. Hut if 
tlie opposite conditions hold good, coal must ho got as 
soon as the levels have advanced sufficiently for beyond 
the slmit-pillar. 

If tho water is to be mechanically raised from the 
workings, the pit wdl havo to bo sunk to some little 
depth beneath tho scam, fbr a mmpf in which the 
drainage may collect; and it is well, in addition, to 
open out, on tho deep of the intended roads, sufficient 
excavation to serve as a pound, or ^ndage, for water, 
where it may accumulate for a few days m case of 
breakage of machinery. 

A level cannot be driven singly, unless divided into 
two parts ffir tlie in-going and out>coming currents of 
air ; and hcnco it is usual to prefer to drive two parallel 
ways, with a rib of from 0 to 10 yards thickness hbtwccu 
them, cut through at intcrvSls as required for the ven- 
tilation. The lower of these is the drain, or water-gate ; 
the upper, the main road, rolley-way, or way-gate; 
whilst 111 extensive collieries a third is usually added, 
for more cillcient ventilating arrangements. 

In toal scams of moderate thickness, these leading 
drifts will be carried between the floor and roof of tho 
scam, and of such a width as is most consistent with 
their security, commonly from 5 to 10 feet. If the 
scam bo thicker than G or 8 feet, it is usual to leave 
!i part of it overhead as roof ; if, on the other hand, it 
be too low for convenience os a horse-road, either sonic 
of the roof must be ripjicd down, or a sufficient deptli 
dug up from the thill or floor. Few of tho roods, 
however, comparatively speaking, will stand long 
bxposed to the pressui'e from all sidos, and to tho 
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oxidising action of the .air, without being artificially 
secured. The most usual method of effecting this iiri- 
portant end is with timber placed in sets of tlircc, at 
intervals of 3 or 4 feet. Two of them, commonly larch 
poles, or sometimes oak, 4 to 8 or 10 inches thick, arc 
placed as uprights, legs, or stanchions against the sides, 
and the third laid crosswise upon 
the heads of the others as a cap 
or head-piece. When the roof 
is apt to crack off, it is addition- 
ally protected by planks laid upon 
thccap-picccs from one set to the 
otlicr. Or better still, and m 
some coses absolutely necessary, 
18 the arching of the main roads with brick or stone, 
now and then — when tlie floor is very soft— resting on 
an invert flat arch below. Especially near the pit 
bottom, where more room fhan usual is wanted for two 
trams of waggons, and wherever a pass-by is required, 
it IS needful cither to construct a good wide arching, 
or to have the wooden caps so long, that they should 
receive the support of an additional prop m the middle. 

It IS obvious, although sometimes neglected, that 
in order to obtain the full advantage from the timber, 
the direction of the main pressure should be duly 
considered, and that no unneccssoiy cuts should be made 
m the pieces which may weaken their full resistance ; 
also that the caps should be so fitted as not to act liko 
wedges in splitting the uprights as soon as the weight 
presses ; and again, that in inclined seams, the props 
should be placed at right angles to the floor and roof, 
so as to prevent their bemg forced out of position by 
the weight from above. 
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Instances might be cited where, as soon as the main 
roads have to be maintained near extensive workings, 
it IS found to ho tlio better course to remove all the 
coal, and to trust to pack-walls, built up of diihn& to 
sustain the roof, rather than to leave a nb of coal. 

Although commonly called leuls^ and carried theo- 
retically m a horizontal Ime, at right angles to the 
main dip of the bed, these drifts cannot be cameil 
perfectly level, or the water would not flow bock towards 
the mouth or the pit-bottom. Add to which a certain 
moderate amount of inclination is needed m order to 
facilitate the bringing out of the loaded trains or 
waggons. A rise of 1 m 130 appears to give the 
tnaxumm of effect to horse-power m drawing the full 
waggons down, and the empty ones back, but 1 in 200 
is often adopted, cs^iccially where it is an object to gain 
the greatest possible aioa of , coal from a given winning. 
In certain districts, ns m Dean Forest, a colliery may 
bo limited on the deep side, by a level to bo driven 
from a certain point, in which case the utmost endeavour 
will be applied to drive it as nearly horizontal as prac- 
ticable. The men occnpiwl in driving w'lll often be 
found to swerve upwards with the floor of their drift, 
and constant attention is therefore needed to keep it in 
its true direction ; and when intended for a traffic road, 
to make it as straight and regular as possible. In 
foniier days all the little rolls and inequalities of the 
beds were closely followed ; but at present, when the 
cheap conveyance of large quantities is a more 
prominent object, they arc, when it is feasible, 
neglected, and the levels cut boldly through coal or 
«tonc, as the case may be. When troubles or dis- 
locations occur, their magnitude must determine 
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how far this regularity may be carried out, or whether 
the level will have to bo swerved from its direction in 
order to catch, at the nearest distance,, the coal on the 
farther side of the line of fault. 

In certain modes of working, the removal of the 
coal will begin at once from the nsc side of these mam 
levels, but in others, upper pairs of levels will be driven 
•parallel to the first, and connected with them by rise 
drifts, or cross-headings at certain intervals. In other 
modes again, the chief working places will be started 
from pairs of up-hiU drifts {bord-gates) carried up the 
rise of scam 

The expense of this narrow work is to a great extent 
got rid of, when, as m certain varieties of long-norh, 
to be presently described, the levels themselves can bo 
included in a broad face of excavation, which is simply 
pushed forward in advance of the remainder of the 
colliery. 

We may here glance at the cutting or hewing of the 
coal, which in the levels has to be clTectcd by much tlie 
same means as in the larger workings, although tho 
greater amount of labour which in the former must be 
expended on a given quantity of coal, and the smaller 
siiso into which it is cut and broken, renders it necessary 
in general to pay the men by so much per yard on their 
progress, instead of by the ton or tram. 

The pick (pike, slitter, or mandril) is the special 
tool of the collier, mucli varied in dilfci'cnt districts, 
even for cutting coal; and of different weight and 
strength in the same pit, according as it is intended for 
under-cutting (horizontally), for shearing, or cutting 
vertically, or for working in shale or stone. The handle 
(shaft, or hilt) is from 27 to 33 inches long, and tho 
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doable-pointed head from 18 to 20 inches ; sometimes 
straight or nearly so as m central England, and in some 
varieties of the Belgian nvelaine, frequently a little 



curved, and sometimes m the North muen " anchored.” 
The points are steeled and sharpened four-square, with 
a very narrow cutting edge.* 

In breaking down or getting the coal, the first oper<T- 
tion IS to beTich, hrve, or hole it along the bottom of the 
seam, or in other words, to cut a groove to the depth of 
two or three feet cither lu the lowest part of the coal, 
or m the clay that underlies it If the clay be tough 
and hard, it often follows that great waste is caused by 
holing lu the coal, for ns tlie groove advances in depth, 

• * Coal picks with smgle point uie rarely to bo seen m these islands , 
in PcmbrakoshiTo they have boon used for the anthracite , but on tho 
Continent they aio coiuinon. 
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it must also bo cnt higliet at its commencement, and 
the whole of the material is chipped so small as to be 
useless. Some coals are so strong as to require no 
support daring this operation , others, which are tender, 
or divided by frequent planes of cleat, baisks, re- 
quire to be propped or spragged^ espcciidly when, m 
very deep holing, the hewer has to place himself almost 
beneath the seam which ho is detaching. For thus 
holing at the bottom of the seam, tlie collier lies on his 
side, and in this apparently constrained attitude swmgs 
the pick almost horizontally, and delivers a number 
of smart and well-pomted blows before he proceeds to 
remove the dkhrut. In certain seams there may be an 
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advantage in holmg in the middle, or even at the top, 
according as partings of soft shale or friable cool may 
occur; and in one and the some colliery you may 
sometimes see two or three methods of holmg h} 
practice. 
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When the coal to be cut away is a short block, as m 
the driving of levels, it will generally need diem mg 
or vertical cutting to free it at tlie sides, and even in 
widt.r workings this operation is sometimes required ; 
then at length the final breaking down or ‘‘falling” of 
the scam thus partially freed is completed by applying 
taper wedges at some few feet apart, and driving them 
with lieaiy hammers ; or m the case of a more resisting 
material, by blasting with gunpowder. The operation’ 
of boring a hole and firing the shot for this latter 
purpose IS very rapid and easy as compared with the 
blasting in hard ground. A e/n//, with broad and 
sharp bit, is quickly driven forward by hand in the soft 
iuid brittle coal ; the hole is usually dry ; plenty of safe 
tamping is at hand ; risk there is none in using an iron 
needle (except of course in stone) ; and danger is only 
to be apprehended where fire>damp is apt to be present, 
and where the anomaly exists of using safety lamps 
and yet firing charges of powder. 

This state of things h&s in fact caused frequent acci* 
dents, which can only bo guoidcd against either by 
allowing the practice under the careful supervision of 
olliccrs, or by forbidding it and giving the men a so 
much better price for their work as will bo needed to 
make up for the smaller amount they can get by wedg- 
ing as compared with blasting.* 

ISome seams there arc which will not bear this 
systematic mode of work, where the coal will not stand 

* It 18 probiililo that much manual labour will bo spared by the 
introduction ot eont-eiitten, worked by steam, compressed air, or water 
Scvenil ingenious inurhines hare already been put to pnutical uork, 
among which we may cite those of Messrs Firth and Donnisthorpc, 
of Messrs Levick, and the hydraulio slutting machine of Garrett, 
Miirshall, and Co , but it would be premature to express an opinion 
oft tboir gonoiul applicability 

K 
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to be holed, and moat be picked down in irregular 
pieces. In collieries m the South of France I have 
scon this operate as a drawback to cheap “ getting ” 
and to obtaining a due proportion of large coal. But 
a magnificent example to the contrary is the pure 
“spiry” four-foot scam of Aberdarc, where, at Mr. 
Nixon’s Navigation Pit, a pick seems to be hardly 
needed ; one smith suffices to sharpen for 300 men, and 
the coal in the face comes down so readily that a man 
has only to show it tho point of a bar, and in a few 
minutes has spread before him masses enough to fill a 
tram I 


CHAPTER XII. 

POST-AND-8TALL, AND LONG WORK. 

Is the general form in which the colliery is to be laid 
out determined on, the position of the shafts, mam 
levels, and direction of the working faces settled by 
local conditions, wo have next to solve the question of 
the best mode of the working away {explmtatimi) of 
the coal. 

The most simple and natural method would appear 
to be, to open ranges of working-places, each as wide 
as the nature of tho floor and roof will admit of with 
safety, and each divided from its neighbour by masses 
of coal broad enough to sustain the pressure from above. 
This IS in fact the rudimentary idea of the system of 
po^-and-staU, or bord-and-pilltar, (jatoop-andr^room of 
Scotland). In fullest opposition to this method is that 
of removmg the whole breadth of coal over a long 
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continuous face, supportitigp the roof at the immediate 

face ” by temporary props, and allowing the super- 
incumbent strata to break down bodily ut a few feet 
ilmtnnnp. behmd the workmen — bng-waU or hng-mork 
Other modidcations there are, which partake more or 
less of the character of one or other of the above two 
systems, and which are in vogue m special districts. 

He post-and-stall work is most largely practised in 
the Northern collieries ; but m one form or another is ' 
met with m most coal districts, and is sometimes called 
for by particular conditions, such as thickness of seam, 
tenderness of coal, or position of workings beneath 
sea, rivers, or other surface which must not be 
disturbed. 

In the earlier stages of coal mining, if is apt to be 
tlic case that the workmg-spaces {slUdh or bordi) 
driven across the gram or cUat of the coal are made 
as wide as jiossiblc, and that the pillars between them 
are left as thin as is required for immediate security. 
Thus, towards the outcrop of the Durham coaliiclds 
extensive areas have in former days been worked where 
tlie bords were from 3 to 5 yards in width, and the 
pillars between them 1 to 3 or 4 yards. As the 
bords advanced it was necessary to communicate be- 
tween them for ventilation, and cross-drifts, called 
hecubcays^ were cairied about 2 yards wide, in the 
dirctUon of the cleat, or on the ends, and at 28 or 30 
yards apart Where the pillars were only 3 or 4 feet 
thick, it 18 obvious that they would soon be so crushed 
as to be utterly useless, and thus a third or a fourth 
part of tlie coal would at once be wasted by this means 
alone. When the pillars came to be laid out of 4, 8, 
01 12 yards to the teall, or m breadth, and it was 

K 2 



132 


COAL AND COAL-HININO 


found towards the end of last ‘century, that they might 
be robbed, or have a great deal of coal taken from them 
after the first opening of the bords, it bcciunc a matter 
of moment to adopt the proportions which would bo 
most favourable to the full utilisation of the seam. 
Two great evils have to be avoided, evils on so large a 
scale that tens of thousands of acres have been rendered 
useless to the community by the neglect of proper 
dimensions. One of these is the thrmt, which wlien 
pillars are too slight, and when the floor is hard, cracks 
the pillars, forces off large slabs of coal, and at last 
crushes the whole into slack. The second is the crfc/i, 
a disorder more uncertain and insidious in its approach, 
and which in^ite^f all attempted remedies, will some- 
times destroy a valuable colliery. It arises when the 
thill or uiiderclay is soft, and the proportion of pillars 
to holds such that after a time a downward movement 
takes place; the pillars then force the clay to rise 
upward in the bords, the road-ways are injured and 
have to be constantly repaired, the air-ways aic partially 
choked, and the pillars crack. The mischief has perhaps 
taken its rise only at some unusually weak place, against 
a trouble , but as it spreads from bnrd to bord, and infects 
an entire district, the floor bursts asunder, the roof, 
unequally supported, breaks down, the workings are 
doscly filled with rubbish, and there remain the isolated 
crept pxlUxre, only accessible by fresh and dangerous 
workings, and generally so crushed as to be uc<irly 
worthless. 

The experience of the Newcastle miners has led them, 
especially in their deeper pits, to increase more and 
more the dimensions of their pillars, employing them 
no longer as mere supports, but taking out m the 
prehmmaiy stage of working m the nbala coed, only 
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from Jtli to ^tli of tlio coal, and leavmj' tlie pillars for 
subsequent entire removal, when operations arc com- 
menced in the brolmn. lienee, in the deep collieries 
the pillars arc left of 24 or 30 yards long', by 16, 18, 
or 24 yards wide, and even 30 yards by 40. 

In the cailicr days of pillar working it was usual 
to open out in bords and headways drifts extensive 
ai'oas, amounting often to many hundreds of acres, 
and to begin the thinning or lemoval of the pillais 
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of the exposed surfaces, the difficully of ventilaticn, 
and the tendency of creep or of the results of 
explosion to spreiid tlirongh the entire colliery. Mr 
Buddie introduced a great improvement when he hud 
out the woikings mpanela or compartments of moderate 
acreage, divided from one another by ribs of coal 40, 
.^0, or 60 yards wide ; and when he followed up this divi- 
sion of the colliery by making pillar working follow very 
closely after the opening of tlie bords in the whole coni. 

This arrangement is shown m the plan Fig. 10, 
where the uuwrought cool is left black, and tlic gonj 
or portion from which the pillars have been removed, 
and into which the roof has fallen, is lightly shaded. 

The actual getting of the pillars is managed in 
various foims — by driving a bord through its midst, 
by taking off shoes par.illol to its longer fare, or by 
paring it off in a succession of steps, each farther 
pdlor being a grade more reduced m bulk. Some of 
these operations luay thus be assimilated a good deal 
to the Umg-rcall method ; and need, for the due protec- 
tion of the men, that the faces of work bo protected by 
TOWS of props, or by pack-walls so placed as to regulate 
the fall of the roof. 

The Lancashire post-aud-stall system is somewhat 
different, partly in consequence of a genenilly steep 
inclination, and partly from tlie softness of the floor. 
The seams, like those of the Tyne and Wciar, .are 
generally het^v^een 3 and 6 feet in thickness ; but the 
working places cannot be carried so wide as in the 
former district Tlie working drifts, or baya^ like the 
above mentioned bords, having to bo directed at right 
angles to the cleat or divisional planes, it happens t^at 
with the varving undulations of the coal-measures. 
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the direction of cleat rcmaming constant, they may 
have to be arranged very differently in starting from 
the mam roads or water-level drifts. Thus if the level 
('oiirsc happen to lie parallel with the cleat, the bu}s 
will bo opened up the rise, and again joined with one 
another by drifts carried on the end, generally ten 
yards apart. If the direction of the level conrse be at 
right angles to the cleat, it will be thus also that the 
bays must be opened, and they will be connected with 
the mam roads by pairs of drifts (up-brows) carried 
up the rise of the seam ; or sometimes if working to 
the dip of the mam road, by down-brows, whence the 
coal has to bo pulled up by engine power. 

The ])illars arc thus left ten yards on the rise, by 
110, 30, or 40 yards the otlier way, and are intended to 
he robbed as soon as a sufficient tract has been opened 
This lost operation, as m the Northern fields, m contact 
with the goa/f and c.\po8cd not only to the successive 
falls of the roof but to the invasion of fire-damp 
loused from the disturbed measures, needs every caution 
m its practice, and makes it often necessary to admit 
safety-lumps alone, whilst the other parts of the same 
colliery may be securely worked with candles. 

There are still many coal-mines in which the stalls 
or mrJtets and the cross-hcmhngs or thirls are driven as 
wide as they will stand, say 5 yards, and pillars of 
only a, 3, or 4 yards square are left ; or where again, 
the stalls are diivcn of this full width, and long pillars 
of a few feet thick left standing between them. In 
either case a considerable waste of coal must occur, and 
the irregular openings left os goaf arc fraught with 
danger when fire-damp is present. The method most 
usual in South Wales is of this latter kind ; cross- 
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headings are driven out from the main level at such an 
angle of obliquity as to be convenient for horsc-voiuls, 
whilst from the latter the working stalls aie opened, 
narrow at the entrance (to protect the roails), and 
wider mside. The pillars between them are left so 
narrow that they arc sure to be much crushed ; and 
though Borne portions of them may be robbed, a largo 
amount IS wasted. The ventilation becomes irregular 
and diflicult, and many accidents arise. 

A last variety remains to be mentioned, viz., tlio 
“square work,” employed ibr the getting of the magni- 
ficent scam, vaiying from 25 to 36 feet thick, called tlio 
Dudley Thick or 10-yiird coal. The shafts are sunk to 
the bottom of the seam, and a mam way, the ffate-roaJ, 
IS earned forward m its lower coals, ventilated by means 
of a seiiarate air-/md or dr'tt of very small dimensions 
opened in the coal also, at a few feet on one side of, or 
above the gate-road. 

From this latter the mam woi kings, called sidn itj 
fujrkj are opened in the foim of a square oi jianillelo- 



Fig 90 SquiireMurlc,SomiiStiifi(irMiiri» huili, J Jiniiid tu tin iiidi 
A, IxiJt-hulo, 

gram, 50 yards in the side, or more, and sliut off by a 
rib of coal 7 or 8 yards thick, at the least, fi-om all 



POST-AXD-STAMi WORK. 


137 


other workings, cxocpt at tlic entrance, a narrow bolt- 
hole. Driving out in the lower coals, and gradually 
rising to the higher ones, the colliers open stalls of .0 
to 8 or 10 yards wide, forward and across, so as to 
leave square pillars, generally 0 or 10 yards m tho 
side, and whenever the uusoiindness of coal or roof 
appears to require it, sparing additional supports of 
coal in -mu-oj-icar 3 or 4 yaids square. 

Thu men get at the uppei div isions of the scam by 
sliiiuliiig on the slack and coal already cut, or on light 
scaiiolding. No oidinnry tiinheiing c.iii be used to 
support BO high a loof, nor cdii the 030 111 these \iiht 
and murky chambers easily duleet whcie special danger 
threatens overhead , but tlie sense of he.iriiig conies 
valuably into play, and a sliaip car often catches the 
prelimmary cracking which indicates the ajqnoach of 
a tall. Nevertheless, the woik is tlie must dangerous 
in which the coll'ci can he engaged; and no mode of 
getting this coal w'ltli a less boiioiis destruction of life 
hy “ l.ills ” has been devised, except that of woiking 
it m two “lifts,” by the long-wall method, w'liieh, 111 
despite of much ojiposition, appears, at .1 few' works, to 
liiiM! stood successiully the lesult of many } ears’ 
2i]<ictice. 

The {iillars 111 the “ squ.iic woik” me often 111 con- 
clusiun thinned to a smaller si/.e, and when at length 
tlie lOof begins to break in, tho side of work is 
ahandoued, a dam ]iut into the holt-hole, and thus the 
air IS excluded fiom the heaps of wa'«te small coal, 
and the crusli preventeil by tho nhs fiom extending 
to other jiarts of tlie ]ut. 

It scarcely needs to lie added, that although after 
^iB first working, oiiorations may be set on foot for 
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getting nbs and ptllars, much of the coal is so crushed 
or “ frenzied*’ as to be of little use. The waste of 
%omc thousands of tons of coal per acre, and the great 
sacrifice of human life m the jirocess, lead one to con- 
template with no pride or satisfaction our mid-Knglish 
working of the finest seam of coal in Europe.* 

Some of the coal scams of central France, althongU 
_ more broken np than the last, are much thicker, and 
' Iiavc led to many varieties of working, in order to find 
out the safest and best. In the Dejiartment of the 
Seine et Loire, I learnt on a recent visit that every other 
mode has given place to the working by remOfais, i c , 
taking a horizontal slice of 2 metres in height across 
the seam, and filling np the space with stone and 
earth brought dm,-n from tlio surface. At Moutcc.iii, 
near Blanzy, I found the seam to be no less tlinri 7S 
feet thick, inclined at about 20 degrees. The works 
are carried forward horizontally from floor to roof, 

6 feet 0 mches high, alternating with “ middlings ” of 
coal of the same height ; and within a few mouths of 
the working and stowage of one horizon, fresh ojieiiiugs 
are made m the langc below, and the romblais or 
stowage IB found to be so closely packed as to form a 
very good roof for driving under — ^assuming the use of 
plenty of tmibor. 'n\G plan of the working is in pillars 
of 10 metres wide, winch are sliced oft' os m lon'r-wiill 
working. ° 

The MNG-WALL method may be applieil, either by 


* ‘'“Jy “d li'srlj iiBk to which th. men nro 8ul,,rct iii tl.ie 

™ a fwm falls of roof and coal olono may bo inforrod from tho 
Toanits of tho inspoctor b inqumos 

Deaths from “fells-- ,n Souto Staffordshire and East Woreoster. 
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dnvitisr out roads in tho solid coal to the extremities, 
and then working bock, leaving nothing but goaf or goh 
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bcliiiid, or, by commencing at once near the shaft, to 
woik away tlie mineral, uiiiiutaining means of access to 
its frcsli tace hy roods, artificially supported, through 
tho waste. Beyond this, great dificreuccs occur, 
according as to whether the faces of work need to bo 
straight, following the lines of cleat, or arc di\ided 
into “ stalls,” or may be set off in se\eral directions 
at once. The working faces are for the most part so 
arranged as to advance agmmt the planes of cleat ; hut 
•there are certain tender coals in which it will be found 
that when the pit ta deep^ they arc upon this system 



140 


COAL AMI OOAL-VlKlSfi. 


much broken up by the pressure, and that a f.ir better 
proportion of round coal will be obtained by working 

011 the emf, te, in tbe direction of such cleat. The 
most regularly laid out varieties of long-wall arc those 
of Sbropsliiro, Lciccatcrsbme, and Derbysbirc ; but 
others, more or less modified to suit local roquirwiicnts, 
may be seen in Lancashire, Somersetshire, Dean Forest, 
South Wales, Scotland, Belgium, and Saxony. 

Without exceeding the limits of a book like the pre- 
sent, it would be impossible to dwell iqion the details 
of the vaiious kinds of loiig-work, but the diagram. 
Fig 21, may show sonic of the chief leatiircs of several 
plans of aji’ongcmcut diverging tVom one jiair of pita 

In some msuinces it will be seen that a great length 
of fapo may bo opened m a single lino, as much indeed 
as 100 to 400 yaids ; in otiieis 30, 40, or 00 yards of 
straight face fonu a stall, and one such is followed uji 
closely by another. In many instances again, the fiico 
forms on the large scale a curvilinear ^^orking, wliiili 
may be adopted when tlic coal is not so divided by 
cleat or b<icks as to cut more freely one way tliiui 
another. 

Let us now turn our attention to the “ face ” or front 
of the working, which, as it is but a few feet or )aids 
away from the waste, where the roof has ** come down,” 
requires to be carefully protected. Tbe usual way is 
to plant a double row of props (sometimes three rm\s 
are needed') arranged alternately, and at riglit angles to 
the roof and floor. Each prop takes a good beai mg on 
the roof, by carrying a piece of wood, tbo lul or 

12 or 15 inches long, which first receives the jiressure, 
and IS soon squeezed or broken. Cast iron bus beem 
occasionally employed for the puriiose, but the props* 



LONG WOHK. 


141 


HkC usually of larchj or, in low scams, of oak, and 
whilst with unsound roofs they have to be set tliuikly, 
in the common way they may be many feet apair 
Where the heaviest roof-pressure is expected, notjs oi 
dutckn arc employed iiisteail of single props ; these aie 
pieees of tiniber 2^ to 3 feet long, built iij), two and 
two, cross-wise, thus giving a broad base and summit, 
and the advantage of Iteing easily knocked asunder for 
ieiriov.ll Suppose the coal now holed to a sufKcient 
depth all along the face, the pressure of the overlying 
mass will tend to foioc it down, and in some cases 
n('tu.illy s.vves the collier the labour of falling the coal 
by itself [lerforming that office in the course of a few 
hours. Otherwise, by wedging, or blasting, the coal is 
bi ought down, then broken up and removed. And now. 
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all slack, unsaleable coal and rubbish being thrown 
bclimd the men into the gob or waste, the back row of 
profis IS pulled out, and they arc set up again in front 
of the fresh face of coal, when the whole operation 
starts fiir the succeeding day de noco. Meanwhile the 
removal of the coal from the face towards the shaft is 
4 care of the first magnitude. If the roof be excellent, 
^he coal strong, and the out-put important, iron rails 
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(to be moved from day to day) may be laid along the 
face, on which the trams or tubs will be cheaply 
conveyed But when, as most frequently happens, this 
advantage cannot he hod, the coal has to be dragged 
or putted in sledges along the uneven floor in front of 
the &CC to the nearest outlet, and it hence becomes 
necessary to have roads opening on the face at frequent 
intervals. If we arc working back from the extremities, 
no more need be said than that the roads, as the work 
advances, arc constantly being shortened, and that the 
expense of their maintenance is thus diminishing ; but 
if wc follow the usual metliod, the gob-roads, as they 
are called, are daily increased m length, and the charges 
of keeping tlum in order become a very heavy item 
There is then one evil to bo balanced against another ; 
on the one hand the expense of numerous gob-roads, 
on the other the cost of putting the coal a great distance 
to get to tlie rood. A working stall is fur this reason 
oonimonly from 24 to 50 yards m breadth, so that the 
broken mineral need not be convoyed more than 12 to 
25 yards to be placed on a good road. If the coal be 
a thin scam (and as little as 11 inches of coal is thus 
wuikcd in the Badstock district) the roods must, for 
efficient conveyance, be cut higher, for which purpose 
either the floor or roof must have a foot or two taken 
off, whilst tlie material or iJ^l/ns so broken, wdl help, 
like “partings,” “dirt-bands,” and other rubbish 
from the scam, to till up the wasto or gob, and assist 
in letting the roof down gently. Such stone, and what 
breaks from the roof, is often built up in packs^ or 
masses of dry rubble walling; and the roads which pass 
through the gob have thus to be protected by a pack 
wall of some feet thick on either side. Managemenlr 
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will do a great deal m regulating this apparently 
dangerous work, for each kind of roof needs to be 
studied, that it may be brought down in the safest 
manner. Some kmds will break short, so that you 
are insecuro a single foot behind the back props — nay, 
in bad cases will smash props and everything up to the 
face of the coal ; others will bend gently down to the 
refuse or gobbin, and press the whole firmly together ; 
whilst certain rock roofs will hold up for a long distance ' 
uupropped, but are apt to break suddenly with a crash 
which will blow out all tho lights for and near, and if 
there bo fire-damp about, may force it dangerously into 
the roadways. 

The gob-roads meanwhile stand the pressure vari- 
ously ; m some the floor rises, and has to be frequently 
rcxiaircd. To this end, men occupied in roadxng work 
during tho night, whilst the pit is othemise clear. 
Or tho pock walls gradually squeeze down, and the 
roof requu'cs to be hacked or shot away to give height, 
and, after a tune, the rood will be found to be almost 
entirely cut in tho roof-stone. In certain districts it 
IS attempted to protect the roads by leaving a thin nb 
of unworked coal on each side ; but an unequal resist- 
ance IS in this way olfei'ed, which generally entails a 
greater expense in the long run. 

In some of tho Welsh imd For^t of Dean collieries 
an ceonomical method is adopted for working by the 
long-wall, an<l forming their main-level roads by tlic 
same proeess. Instead of driving a (lair of narrow 
levels as usual, a bold fare of work, 20 to 50 yards in 
breadth, is pushed bodily forward, the requisite roads 
are packed ou botli sides, and additionally fortified, 
when needed, by timber, whilst the space behind them, 
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partly filled with rcfnscj forms a portion of the general 
wasto or gob. 

The great advantages of the “ long-work ” method 
are simplicity of plan (and consequently of ventilation) 
and the entire removal of all the coal; added to which, 
under most circumstances, are greater safety to tlie 
men, and a larger proportion of romul coal in com- 
parison to mail or daelt ^ — a matter which, consideiing 
' tlic prices, IS of vital importance in the selection of the 
mode of working. It has been mostly practised whei e 
the scams are thin, or where they contain a barnl of 
refuse , but neither condition is indispensable . for, on 
the one hand, coals of 6, 8, or 9 feet thick arc at the 
present moment worked advantageously in this manner; 
and on the other, we have seen bind, or stone r/i”/w<N. 
earned from ont seam to another, or even taken down 
from the surface to assist in the ])ncking where it w .is 
needful Nor is it necessary that the roof be good, 
altliougli the expense will be very different iioordmg 
to its fi.igility, but if the operations be carried oil 
with suflicicnt smartness to push the working-place 
daily under a fresh or “green ” loof, it may be managed 
upon this s) stem, even when composed of mere hre- 
clay with slippery joints. Only a few years have passed 
since the long-wnll w'as much decried, except in a lew 
localities; but its m^ifest economy is gradiially lut in- 
ducing it elsewhere ; and tven in some of the deepest 
Durham collieries it is successfully applied to tlie 
working off of their gigantic pillars ; whilst in a few' 
of the pits near Dudley it has been cmjilojed for re- 
moving bodily first the upper and afterwards the lower 
half of the 10-yard coal, with greatly mcreiised yield 
of coal and security to life. • 
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In Yorkshire and jn some of tlie North-Wclsli col- 
lieries, methods have for a long time been practised 
which mute some of the clinnicters of the pillar system 
with a certain amount of long-wall. 

From the main levels, which are protected by suffi- 
ciently massive ribs of coal, bord-gates (generally in 
pans) are driven up the rise of the scam in advance of 
the mam workings, and between them hmla are opened 
m the form of boids of 20, 30, or 40 yards wide, and, 
like the bord-gates, worked across tlie grain of the 
coal. The roof of course falls behind the men, so that 
the face has to be protected by a double row of props, 
and sometimes by leaving small pillars, which arc 
mostly lost Tf the ground is bad, pack-walls are also 
built here and there, to pi event the falls being too 
sudden: and by similar walls an air-way is carried 
along part of the side of tlio bank, so that the venti- 
lating current shall pass along its upper end. But 
the roof here docs not settle in the same uninterrupted 
manner ns m tlie regular long-wall work; and the 
establishment of a number of separate goafs m prox- 
imity to, and generally lielow, the places where the 
colliers are working, renders outbursts of gas extremely 
dangerous, and lias led to the fearful explosions of the 
Ardslcy Oaks, Darley Mam, Warren Vale, and Lund- 
hill collieries. * 

Indeed, so fraught with danger has been this plan of 
working — oven where other requirements had been duly 
attended to — that some of the collieries of the Yorkshire 
district have been recently changed into long -wall 
workings, and apparently with very aiUantageous re- 
sults. And under this head we must remember that, 
% • 

smee the distribution and quantity of the ventilating 
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air will depend upon the arrangement of the workings, 
a very serious responsibility attaches to tho selection 
of the method most suitable to the character of the 
strata and to the expected magnitude of a nascent 
colliery. 


cHArTER xm. 

CONVEYANCE tlNDEKGBODND. 

When, in the early periods, of coal-mining, the works 
extended but a short distance from the shafts, and only 
small quantities of mineral were extracted, it used — as 
in many small woiks of the present day — to bo con- 
veyed by dragging in or sledges, along the some- 
what slippery floor of the scam. 

In some districts the ruder method of carrying in 
baskets was practised, ns even now in Spam and Soutli 
America, and this toilsome work ceased to be per- 
formed by women “ bearers ” m Scotland only in 
1843. In other pits barrows were employed, the 
wheel running upon a plank called the barrow-way. 

The sledges have to bo still commonly used in -pvt^ 
tvng the coal along the face of the workings to the 
butter roads ; but in all large pits the conveyance along 
the main ways has for a century past been conducted 
on constantly improving methods. 

The Germans were ahead of us m the introduction of 
wooden rails underground ; for iii I.'i.jO — as described 
and figured by George Agncola, iii his folio “ Do ro 
Mctallica” — we find a rectangular iron-bound waggon, 
with four small wheels beneath it, and a prcgecting 
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pm to ran between the rails and thus guide the move- 
ment. It IB still called the hund^ or dog, and is 
in common use in parts of rrussia, Saxony, and 
Austria. 

About 1630, “ one Master Beaumont, a gentleman 
of great ingenuity and rare parts,” went to tho New- 
castle district for the purpose of introducing various 
mechanical improvements, among which were wooden, 
mils for the running of wheeled waggons ; and although 
he failed as a speculator, these rails appear, to have 
been a good deal applied within the following century, 
both in these collieries, those of Whitehaven, and in 
the lead mines of Alston Moor. Tlicy are described by 
M Jars, in 176.^, ns m use, with flanged wheels, both 
111 the pits and for conveyance to tho shipping places. 

Mr. John Curr, of Sheffield, in lus “ Coal Viewer 
and Engine-Builder’s Practical Companion,” 1797, 
states that twenty-one years before that time he had 
introduced at the Sheffield Colliery the use of railroads 
and corves. At that period, till of late,” tho prevail- 
ing practice in the Newcastle collieries was to draw a 
siiiglo corf on a sled from the wor](ings to the shaft ; 
but lately the viewers have “ introduced wooden roils, 
or waggon-ways, underground (Newcastle roads), and 
fixed a ficUiic upon wheels, capable of receiving two or 
tlirec of their basket corves, then drawn by one horse.” 
But Curr laid cast-iron tram-plates ^ inch thick, and 
employed waggons, or tubs, with 10-inch wliccls, and 
carrying cwts. of coal. A horse generally, ho states, 
takes twelve of these ‘‘ corves ” at a draught, and for a 
moderate day’s work conveys the quantity of loO tons 
the distance of 220 yards. 

The wooden rads and Curr’s tram-plateB, besides 
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performing useful service underground, were largely 
employed for the transit of coal at the surface, and it 
■was thus tliat the miners of the North laid the foumhi- 
tion of the modern railway system, which m the last 
half century has boon brought to its present perfection 
and world-wide usefulness chiefly by the agency of the 
same class of men. A milway was constructed iii 
,1789, at Loughborough, by Mr. William Jessop, of 
Derbyshire, with cast-iron edge mils, intended for a 
flange on the waggon-wheel; and rails of wrought- 
iron were at length invented in 1820, by Mr. Biiken- 
shaw, and were rolled at Bedhngton, near Newcastle. 

My esteemed friend, tlic late Mr. Nicholas Wood, 
after a long senes of experiments made in conjunction 
with Ins associate Mr. George Stephenson, published 
in 1825 a practical work on “ The Establishment and 
Economy of Bailways;” and more' recently, m 185.'), 
prepared a most valuable treatise on the conveyance 
of coals underground in cool mines. To this excellent 
paper, published in the Tiansactions of the Northern 
Institute of Mining Engineers, and based on a vast 
number of examples and experiments, 1 must refer 
the reader for farther details on this important 
subject 

The conditions under which the roadways of a mine 
arc placed, their frequent sinuosity and unevenness, 
the confined space, and the tendency to distiirliancc 
both in tlic roof and floor, render it impossible to com- 
pete in economy with railways laid upon tlie surface. 
Moreover, certain requirements, in connection with 
the raising of the mineral in the shafts, have to be 
kept m view, and necessitate the use of particular 
kinds of waggon. 
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Until within a few years past the northern method 
was to till the coals, at or near the f.ico, into a Luge 
hiiskot (cort€) of wicker, having an iron bow, and to 
drag it on a small carnage, or tram, generally by a 
pony, to the crane-place on the main road, where it 
was lifted, and placed with several others, on a rollnj, 
or larger waggon, on which they were then drawn by a 
horse to the pit bottom, whence they wore n^ed to the 
surface, whilst the rollcy ictunicd with a load of empty ’ 
corves. 

Tn the central districts the principle remains even 
now much the saine; instead of the coivc a tshqi, 
having a strong bow of wrought-iron for raising it, is 
2>Lu‘ed on a trolley, and loaded with coal, by having 
several broad iron rings placed loosely over it, witliin 
which the lumps are stacked up. It is then wheeled 
away to the shult, where it is hooked on to the rope or 
chain by the bow. 

In Soiuersetsliu'o and in Belgium tlie method 
generally in use, until very lately, was to convey the 
coal in waggons to the shaft, where it was capsized 
into a great iron bucket, holding about a ton, called 
the hidye {ciiffat, Bclg.}, which was then diawn up the 
shaft, and had tn be again unloaded at the bank. 

It IS uniiccessary to follow up the variations m these 
modes, which are a]iplicd to the conveyance of the 
mineral in diileieiit eoalliclds, but w'o may usefully 
glance nt the steps which, within the List quaitci of a 
centiiiy, have totally revolutionised the methods of all 
our larger British collieries. ^Vhen the cast metal 
ti'iim-jdates came into vogue, the old bio.id wheels of 
the waggons, or rolkys, were siqierseded by c.ist 
wheels, lined olF Vbry shaiqily at tlic pcrqihcry, lu 
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order to diminisli the friction; and these are still 
extensively retained at many works of importance, 
partly from want of aiiprecintion of the newer methods, 
partly from the desire to fully utilise the materials of 
an old-established plant. 

As the scale of operations increased, tho expenses 
attaching to the use of corves were found to be so 
serious »• to lead to the resumption of small wooden 
waggons or htbtt, with wheels of 8 to 15 inches 

diameter, wliu-li are run from tho face of the coal to 

• * 

the pit bottom, without the delay and cost of lifting a 
smaller into a larger carriage, and without involving 
the other great objection of unloading and loading, to 
which some of the methods are open. Tt ajipears, at 
first sight, undesirable to have to raise in the sliafl the 
weight of the rolling apparatus, tho wheels, axles, 
coupling-chains, &c ; but the preponderating advan- 
tage of running the same waggons throughout, and 
the facility of raising them at liiglr veloeity through 
the pit by tho application of cages and guides, have 
been universally established as a successful innovation, 
in the Northern and many of the larger works of other 
coal districts. 

When the scam is thick and roof gon<1, the tubs 
mtiy, as above stated, be taken close up to tho face of 
work; but tho more the actual present woikings me 
liampered by lowness and want of room, tho higher 
will bo the expenses of pwttinff, &c., in addition to 
carriage along the mam ways. This work iiseil I o be e,ir- 
ricd on almost exclusively by boys, but in the Northern 
collieries great numbers of Shetland and other ponies, 
of 3^ to 4 feet high, driven by joiiiigcr boys, iiixj 
employed for bringing tho coal from the face to tile 
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horse-roads or the cnginc-plancs. Whore very thin 
scams are worked, as in the Somerset coalfield, jthe 
cost of “ cartmg,” as it is called, becomes very onerous. 
The height of the coals, averaging between 13 and 28 
inches, scarcely leaves room in the lower places to go 
on all fours, and renders the work so laborious that, 
although Ihc distances arc not very great, it costs 
from S(f. to Is. Qd. on the ton to cart the co^l from the 
face through the tramways and branch roads to the* 
main level. 

The movement of the carriages on the ¥oads is 
retarded by three kinds of resistance : let, the friction 
of the periphery of the wheels on the plates or rails , 
2nd, the attrition on the axles; and 3rd, the rubbing, 
by oscillation of the waggon, of the face of the wheels 
against the flange of the tram-plate, or the flange of 
the wheel against the upright rail. The first is dimi- 
nished either by narrowing the edge of the wheels, or 
by riinniiig broad wheels on etlge rails, and by mcreas- 
iiig the diameter of the wheels ; the second, by careful 
make, using steel axles and efficient lubrication ; the 
third, by making the wheels fast to the axle, instead 
of having them loose uiion it, by striiiglitening the 
road, and by adopting a suitable form either of bridge 
or T-hcnded rail 

lu thin seams the rubs, or waggons, must neces- 
sarily be low, and the wheels small, but even in scams 
of ordinary height, the eonvenicnce of keejiing the 
total weight so moderate tliat the putter can readily 
place his tub on the rails when it gets displaced, and 
that the onsettcr and banksmen can easily handle and 
run the tubs on the iron plates at the bottom and top 
•of the shaft, give the preference in Northern practice to 
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tubs weighing not more than 3 or 4 ewt, and canying 
from 6 to 9 cwt. of coaL At Seaton Delaral and 
neighbouring pita, tlie tubs weigh 3^ cwt. each, and 
hold 11 to 12 cwt, but these require exccptioually 
strong men to hiindle them with the requisite rapidity. 
In the Soiitli, carts, or trams, of much greater weight, 
sometimes of iron, are often employed, carrying a 
weight of a ton ; but, m such cases, the number is 
smaller, or cuuveyanue and winding m the shaft are 
generally slower, and long delays are caused by getting 
off the rads. 

The tub most generally used has an oak framing 
below, on which the bottom and sides, of ^ inch or mch 
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oak, or other strong wood, are attached, with corner 
pieces of iron to strengthen them, and a light bar of 
iron passing fiwn end to end upon tlio framnig, with a 
hook at one extremity and coupling chain at the other. 
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When the box part haa vertical sidca, the wheels uic 
placed below, and arc only 8 to 1‘2 inches diameter ; but 
when it 13 narrowed below, the wheels may be set 
outside, and are 15 to 18 inches diameter. They are 
generally fixed to the axle, bat somctiines arc, as well 
as the axle, made to turn. The form, m fact, must 
depend jiartly on the roads, and partly on the varieties 
of coal to be conveyed; but it would bo manifestly 
inconvenient, m a colliery where a large traffic exists, 
to have carnages of different sizes and shapes. 

For Uic purpose of bringing the weight low, and at 
the same time employing large wheels, M. Cabany, the 


4 ^ 


Vi* 2*. 

ingenious director of the great collieries of Anzin, has 
constructed the modification of clbow-nxle, shown in 
Fig. 24, wliieli, ho states, r-iii be lepaired at half the 
cost of the common elbow-axle. Tlie mmlo of attach- 
ment of tho wheel is shown in the figure, and the 
Vliggim 18 made to belly out above it, to increase the 
capacity on a narrow gauge. 
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Tte main levels of a mine are generally carried too 
horizontally to allow the loaded waggons in one direc- 
tion, and iJie empties m the other, to he drawn by a 
perfectly equal Ibrcc. In order to have the resistance 
cqnal in* both directions, the empty tub being 3 cwt., 
and the loaded one 12 cwt, and the friction -w’uth of the 
weight, the inclination would have to bo 1 in 133, and 
if the friction be iiVth, would be 1 in 160. 

' Mr. Wood fbimd in his experiments that a horte 
dragging a carriage on a level railroad at surface will 
give a iuicfal performance of 63 tons for 20 miles, or 
133 tons for one mile per day, which forms a conve- 
nient maximum standard for judging of this — the most 
general means of conveyance, as earned out in various 
mines. Actual practical trials m scvcml pits gave the 
following results 
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Similar trials made in South Wales, where the woik 
was done by drawing 3 to 7 larger trams, weighing 
when loaded 25 to 32 cwt each, with wheels from 17 to 
21 inches diameter, principilly along wiitcr-levcls, hut 
in part along inclined headings, gave results of from 
10 to 17 '8 tons per mile as the day’s work of a horse. 

Tliese surprisingly dificrent amounts of useful ellect 
depend m great part on the arrangements os well as 
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the condition of the roads. If onl^ a single line of rails, 
with passing places, be employed, mnch delay ensues ; 
and if the distances travelled arc short, and the 
stoppages at the termini more frequent, there must be 
a similar disadvantage. 

In the 2nd and 4th examples aliove cited, the horses 
were particularly strong and in good condition, and yet 
the result falls so strangely short of what can he 
aoconiplished at the surface, as to give great weight’ 
to Mr. Wood’s corollary, that it becomes daily more 
niqiortant to substitute, os at the surface so also 
underground, engine-power for the costly stable of 60 
or horses, which otherwise has to be maintained in 
tile larger collieries. 

'W'hoti tho coal, as usual, is worked from tlie mam- 
ways up the rise of tho seam, if tho inclination be as 
mucli as 1 in 30, mclincil planes (jinny roads, or pq- 
broms) come into use, where by aid of a dniiii or sheave 
at the upper end, regulated by a brake, the loaded tubs 
luu iloiMi by their own weight, and pull up tho empty 
ones. Or the descent may be checked, and the ascent 
assisted, by the use of a counterbalance tub suitably 
loaded. The sheave for this purpose may, acconling to 
the nature of tho work, be so fixed, by the aid of 
wooden piops, as to be easily removed forwanl as tho 
woi kings advance. This is, of course, a very inex- 
pensive mode of convoying the coals, and is sometime^ 
applicable for very long distances ; although, for the 
avoidance of accidents, it is needful then to establish a 
very strict discipline as to signalling when the train of 
tubs IS to be set running, and also to have side stalls 
jcut out here and there for the safety of those men who 
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may happen to be travelling the plane at tlie time. In 
the rudest of such incliniaj a boy goes down with the 
sled, digging his heels into the floor by way of a drag; 
whilst 111 largo and well-laul-out collieries, a regular 
scries of such inclines, fitted with substantial brake 
drums, wire ropes, and friction rollers for them to nm 
njioii, vie with the best of inclined planes to be seen at 
the surface. 

A contrivance of great ingenuity, Fowler's clip* 
pulley, h,ns been most successfully used hy the Messrs. 
Pease at the Upleathain mines for two years past, and 
appears to be capable of extended application m the 
working of inclines and engine planes m collieries also. 
Its iulvantages are that the rope need only to be passed 
simply over the periphery of the wheel, instead of 
being coiled or lapped round it as on a drum; tliat it 
then holds the rope more equably and advantageously 
without fiatteniiig the wires or grinding tlicm against 
one another, and that it prevents a surging movement. 
The movable clips on the urcnmfercnce, which em- 
bi-ace the rope, clutch it so tightly, that on a double 
incline, one set of tubs may be thrown off— as by flic 
breakage of the rope — and yet it is cajiable ot sustain- 
ing the other. 

When, however, the coal has to bo brought U]) by 
“dowu-hills,” or roads driven below level, the laboui 
thrown upon men at windlasses, oi upon horses diag- 
ging carnages, is so great as to be iiicoiisisteut with 
extensive working ; and, under these cireiiiiistanees, it 
18 usual to employ engine-power, either through the 
mstnimentahty of a rope passed from the suifaee down 
the pit (as at Monkwcarmoutli), or b} fixed under* 
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ground engines worked by sfeam transmitted fiom the 
surface (os at Killmgworth), or generated in liuilers 
near them,* or worked by compressed air. 

If the inclination of a down-lirow be not less than 1 
in 28, the empty tubs, in runiimg down, will drag out 
with them the rope from the drum of a fixed engine ; 
but if it be less, they must lie provided with a tail-rope 
passing round a sheave at the bottom of the incline, by 
which they will be haiilcil down again. These arrange- 
ments have long been practised, but not many yc.irs 
have elapsed since the last method came into use 
instead of horse power, for hanling the cotds along the 
mam ways which np])roxunatc to the horizontal. It 
is still only in the larger collieries, and those m which 
duo cure has been bestowed on the straightness and 
icgulanty of the ro-ids, that this improvement has been 
introduced, but its value may be infeired from the 
lact that, in certain instances, as many us 70 or 80 
horses, with their drivers, stablemen, &e., are dispensed 
with, and tliat a small fixed engine actn.il ly hauls 
along a nearly level plane of a mile and ah.ilf m length, 
tiaiiis of from .50 to 100 tubs at a time, at an average 
s])ecd of t) miles an hour. Thu cinploj ruent of a t.iil- 
lope (usmally of 1 to ^ the circuniference of the nuiin 
ropo) enables the tr.iiu to be pulled u\er the inulnld- 
tions of gradient winch eanuot but generally occur ei on 

* I owe tn Mr C TiUlon Wiight the fnllniimi; e^implr from a 
piirt ul ijliin II ik ( iilliPi t — rnilini il pl.im* ot Hill) \ ini4 Idii;; below pit 
biittom, gmdifnl 1 in AO , tram of In tnba at a tiinc, ilrinn ut spued of 
8 to 10 inilfH pur liour b} a ^-imh utccl wirr-n))K‘, fitiptihid by a 4-foot 
i'uwlu'ii ( bp-driiiii, and winkl'd )i\ two 1 J-im h i } liiidcri, 2 Icet stroko 
Avrrugo cost, (.iloiil itiil Iroin 40,000 tnnu coiiirjod in mx months, 
oao penny iier tun, including wear and toar of ropo and all labour. 
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in the best underground roadways. Where tliese 
inequalities, and where curves interfere, they must be 
met by a suilicicncy of rollers and of sheaves to protect 
the ropes from injury. 

In certain works the engme-road has been fitted with 
an endless rope, passing, of course, round sheaves at the 
extremities, aud to which the trains of tubs are hitched 
or clamped at intervals. The comparison, of this with 
‘ tlic other method is still the subject of discussion ; but, 
although very serviceable as contrasted with horse- 
work, it has not been shown to attain to the amount of 
efficiency and economy exhibited by the engine “ planes ” 
of such collieries as Hetton, Seaton Delaval, Pelton, 
Black Boy, &c. 

llogularitj' of action and compactness being two mam 
essentials, the favourite engines for this purpose have 
two horizontal cylinders resting on bcd-iilates, and a 
heavy fly-wheel. But the form of the engine is hardly so 
important ns the question of the mode of supply of 
steam, for the boilcr-firGS arc in some situations a source 
of intolerable heat and of certain risk. It has been, 
howcvci, shown m practias, that where it is mcon- 
veiiient to place the boilers near the engine, they may be 
at surface ; and if 8 or 10-inch pipes, properly clotlicd, 
are used to transmit it, there will be no substantial 
diminution in tlie elasticity of tbe steam in the receiver 
for the cylinders at the pit-bottom. In some instances 
tlie steam has been transmitted for above 1,000 yards, 
with a good result dependmg much on tbe sufficient 
diametei of the pipes ; m others, compressed air has 
been forced for a distance of several hundred yards with 
a very tiifling loss of pressure. And tlius, by one meaiw 
or the other, engine power becomes available to alf 
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those who, instead of dealing, as in the old time, with a 
few score of corves, have to run several hundred tons of 
coal, or in other words some 1,500 or 2,000 waggons, 
a-day, to the bottom of their shaft. 


CHAPTER XIV. 

■ 

RAISING THE HINERAL IN THE SHAFTS. 

A FEW steps only, and of a simple kind, appear to 
intervene between the modes of slowly winding up 
small quantities of coal lu tlio pits three centuries ago, 
and the vehement, yet well-disciplined extraction of 
the present day. But although the improvements have 
not been marked by any startling inventions, they 
have only been rendered possible by the simultaneous 
advancement of the other mechanical arts. And even 
now, it is solely under favourable conditions that the 
greatest eminence is attained, and we need but to travel 
a few miles into the hills from some of the noble col- 
lieries of Diu'hum or of Lancashire to see, near the 
outcrops of the scams, little works carried on for loc.il 
or Imd sale, where the apparatus, if not the ways and 
language of the people, will recall the daj s of a pristine 
simplicity. 

As long ns manual labour is employed for the raising, 
it may be of a few tons of coal per diem, the windlass 
and a round hempen ro]ie are the means commonly 
used In the hills of the West Hiding of Yoikshurc, 
a,pimon on the crank axle works a toothed wheel on 
the barrel axle ; and thus, by giving a slower motion, 
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enables a man or two at the surface to raise a greater 
weight at once, and thus to keep even with several wlio 
arc working below. With a depth of 30 or 40 yards, a 
more economical power has to be brought into play. 

For horse work the invariable arrangement is to erect 
the “ whcel-and-axle” kind of machine called a horsc- 
/ 7 tn, or w/am, and consistmg of a rope-drum built round 
a vertical axis, the foot of whidi turns on a stone or 
iron casting, and the head pivot of which is suppoitcd 
by a long “ span-beam,” resting at the extremities 
upon inclined legs. The liorses are attached to one or 
both ends (according as power may be needed) of a 
strong horizontal beam, generally 30 to 30 fei>t long, 
which embraces the vertical axis close beneath the 
drum, which is 12 to 16 feet diiinicter. The rojies, 
passing off from opposite sides of the drum, are con- 
ducted over little guide- 2 mllcy 8 — — to the 
shcavee set in the shailt-fiame overhanging the pit. 

Although very largely cmi>loyed in mctallileroiis 
mines, the horse-gm is now seen in colliery districts 
only during the sinking of pits, or permanently eni- 
ploj'cd at shallow works doing a very small trailc. In 
the last century, before the mtroduction of tlie lloulton- 
and-Watt engine, it was in very abundant use in the 
English and Scotch coalfields, and we have, in the 
travels of M. Jars, an account of a powerliil lioise 
machine newly completed in 1765, for raising the coal 
lit Walker Colliery, 100 fathoms deep. It was put III 
nibtion by eight horses kept at a sharp trot, and b> 
means of a large horizontal toothed wheel giving a 
greater velocity to the rope-drum, lifted a coive of 
coals m two minutes : but, unfortunately for the result, 
the corve held only 6 cwt 1 The simple gin, therefore. 
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worked by two or four horses, remained the common 
machine for small depths. 

It IS only in districts more hilly Qian most of our 
cnalficlds that the streams flow with a sufficient fall to 
give a useful amount of water-power ; but the conve- 
nient way in which the drum could be built upon the 
prolonged axis of a water-wheel led to that arrangement 
being commonly adopted by the middle of the eighteenth 
century, even where the snpplj' of water had to ho raised 
by a special Newcomen or atmospheric steam-engine. 
Many attempts were made to convert the alteinating 
jerky action of this engine into the rotatory motion 
needed for winding, but to very little purpose. Smeaton 
meanwhile lessened the consumption of w'atcr, and 
thus reduced the expense Tlie wheels hud been made 
with a double row of buckets, each row opening oppo- 
sitely to the other, so that w'hen motion hud to bo 
reversal, the supply of water was cut off by a valve and 
laid on the other way, and thus tlio wheel turned in the 
opposite direction. Smeaton applied reversing gear of 
strong toothed wheels to the drum, so that the wheel 
could always revolve in the same direction, and the 
turning of the drum only be reversed. 

In Wales, another mode of employing water-power 
came into nsef wrhich is still to be seen at many ot the 
collieries, as well as some of the slate quarries, wliera 
this cheap power is abundant. A large sheave fitted 
with a powerful brake is fixed above the jut-top, and 
has a rope or chain passing rotmd it, to one end of 
which IS attached an empty cistern carrying over it a 
waggon of coal, to the other a cistern whicli, when 
filled with water, is heavier Qian the loaded waggon 
and empty cistern together. Suppose now the former 

K 
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IS at bank, the latter at tlie pit-bottom ; the cistern is 
filled from a tank placed close bj, and is regulated in 
its descent by the brake ; when it reaches the bottom a 
self-acting valve is opened, which lets the water fiow 
out, either to escape by the adit or to be raised by the 
pumping-engine : meanwhile the loaded waggon is 
taken off the empty cistern, and by tho time the latter 
IS filled with water fioni tho same tank, the cistern at 
the bottom has been emptied and a waggon of coal 
placed upon it ; and thus the action is reversed, and a 
cheap, although slowly-working machme, kept m reci- 
procating movement. 

The chief forward step was made when Watt's 
double-acting engine, having the steam apjdied al- 
ternately on both Bides of tho piston, rendered it 
feasible to apjily a rapid rotatory motion. In tlio 
smaller engines, and such, in fact, as are in work at 
the great majority of the collieries of our central and 
western districts, tho motion is communicated from 
the main crank-shaft, through the intervention of 
toothed wheels, to a drum-shaft placed also horizontally, 
and to which a lower velocity is given. The ropes, or 
chains, wound in opposite directions on the di-um, ni e 
corned over pulleys cither down a single pit, or to 
two different pits, and thus, with tH^ir respective 
cages or skips, exercise a countcrbidauciiig effect upon 
one another. This arrangement is jiarticulai ly suitable 
to the slow winding of our midland districts, where the 
weight drawn at once is considerable, and where from 
its hanging free in tlic shifft, a great velocity would be 
dangerous. 

But in the larger collieries, where rapidity is csseptial, 
two different forms of engine have for some years been 
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in use. First, a large vertical cylinder, from which the 
piston rod acts direct upon the drum shaft, and the 
drum, being often 16, 18, or even 20 feet in diameter 
at the first lap of the rope, commnnicatcs to the load a 
velocity of from 10 to 20 feet m a second. The second 
is the engme of two cylinders placed horizontally, 
acting also — it may be, directly — on the drum, and 
fiom tlicir reciprocating action on the crank, intro-, 
ducing great regularity of motion. 

As examples of some of the more powerful •engines 
employed for these purposes at Biitish works, may be 
mentioned, — 

Monkmearmouth ; vertical cylinder, 65^ inches diameter, 

7 foot stroke ; dejith, 286 fathoms, or 1,716 feet ; 
wu'C flat rope ; useful load, 4 tubs, with 9 ewt of 
coal each ; tune of raising, 1;}- minute. 

Dvhi^ld, Cheshire; Ifo. 1 pit; vertical cylinder, 60 
inches diameter ; stroke, 7 feet ; low pressure ; 
flat wire lope; load, 4 tabs, with 8 cwt. of coal 
each. No. 2 ; cylinder, 48 inches diameter ; stroke, 

0 feet ; high pressure ; drawing depth, 678 yards, • 
or 2,034 feet ; time, 70 to 90 seconds. 

North Seaton; vei'tical cylinder, 60 inches diameter; 
strokePt' feet ; depth, 124 fathoms ; flat wire ro]ie; 
load, 4 tubs, with 50 cwt. ; weight of steel cage, 
25 cwt. ; time, 35 seconds. 

CiRderhdt, Notts. (1852) ; vertical cylinder, 32 inches 
diameter; 5 feet stroke; deptli, 250 yards, or 750 
feet ; flat hemp rope (wire in upcast) : loiul, 12 
cwt. of coal ; time of drawing, 40 seconds. 

KxrMess Hall {^California pit), Wigan ; two coupled 
24-mch cylindeis, vertical, 5-feet stroke; round 
u 3 
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iteel rope; conical dmm; depth, 345 yards, or 
1,035 feet , two-decked cage, with 4 tubs, carrying 
24 cwt. of coal, time in shaft 40 seconds. 

Seaton Delaial; two horusontal cylinders of 36 inches 
diameter; 8 feet stroke; high pressure; depth, 
112 fathoms, or 672 feet; flat, 5 inch wire rope; 
load, 4 tubs, with 11 to 12 cwt. each ; weight of iron 
. cage, with its chains, 3 tons ; time, 30 seconds. 
Naiigation Pit, Aberdarc; two oscillating cylinderb, 
43<inchcs diameter ; 6 feet 2 mches stroke ; dcptli, 
365 yards, or 1,095 feet ; round wire rope, 2 
inches diameter, on conicid drum ; load, 2 large 
tubs, 17 cwt, with 47 cwt. of coal ; cage and bndlc 
chains, 2 tuns, 3 cwts. ; total weight, with rope, .at 
bottom of pit, 0 tons ; time in shaft, 46 seconds. 

The high velocities which are thus attained in shaft- 
work, by n]C<ans of which from .500 to 1,000 tons of 
coal are drawn from a single ])it in a day, have been 
tendered po.s8ib1e only by the use of guides or con- 
ductors, which insure smoothness of movement and 
g prevent collisions. Mr. Cnrr, of Slicfiield, already 
mentioned for his valuable innovations, introduced at 
the end of the last century wood conductors for guiding 
the corves, by aid of which ho asserted tlKt lie could 
draw from 140 yards depth in half a minute. Yet for 
years he found but little response; they wore appliinl 
at a few of the midland pits, and about 1827 by the 
late Mr. Holwey, at Welton Hill, near Midsomer 
Norton. In the north they begun to make their way 
between 1835 and 1840, and are now universally 
employed, as essential to economy and to the safety •of 
the men. 
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The conductors in general use are of wood (Memel 
pine) about 4 incbcs by 3, attacbed to burUons, or ciuss- 
picccs, fixed across the pit at intervals, and arc com- 
monly only two in iiumlicr, one on cucli side of the 
cage, and costing, with labour, lOs. to 14s. per fathom. 
In some lustauces a pair of vcitical bridge-rails are 
employed; in others, lengths of angle-iron, similarly 
attached to buntons In Lancashire many pits have 
been fitted with a continuous round bar of iron, fixed 
at the pit-bottom, and screwed iij) to the hea(l.-frame, 
the cross-bar of the cage having a ring at each end, 
which runs upon the rods. An luferiur plan is 
that of similarly stretching down the pit a wire rope, 
or a suigle-link chain, where the undulations, and, 
in the latter, the rattling vibration, arc neither 
agreeable to the traveller nor safe against accident. 

Cue of the important shailt-fittiugs, upon this method, 
IS the cage, or chau', for the reception of the tubs or 
trams, which simply traverses op and down the pit It 
IS almost mvaiiably constructed of malleable u’on, and, 
since lightness is highly desirable, us small as possible 
lor the weight it is destined to carry. For a single tub 
a cage of 0 or 0 cwt. will suffice ; for two, whether to 
be placed side by side or one over the other (a 3-dcckei), 
'J to 10 At Monkwearmouth the 4-tub-cages 
weigh as much as 24 cwt ; others no less th,in 3 tons, 
lueluding their tacklmg-chains. Cages of combined 
sticuglh and lightness have of late been advantageously 
iiiadc of steel. 

The slide parts of the cage, of thin wrought iron, which 
loosely fit to three sides of the wooden conductor, arc 
applied both at the upper and lower bar of the framing, 
and are a little bell-mouthed upwai^i and downward 
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to allow them to slip more freely over inequalities. In 
order also to keep the tuba from shifting diiTiiig Ihoir 
transit, a simply contrival latch is always applied 
either on the floor of the cage or at the ends of a rod 
passing through its upper bar. And when the weight 



20. Smgjp-drck iron esffo, Kewnhnni, for rolloil Iron 

reaches the surface, duly signalled on its Approach by 
a bell ringing in the engine-house, and by sonic visible 
mark attached to flic rope, the cage is lifted with its 
floor a little above the plane of tho bank at whicli it is 
intended to rest, and then allowed to drop on to tlic 
keeps. ilhcBO latter are the heads of an arrange- 
ment of counterbalanced levers, wbinh offer no ob- 
stacle to the ascent of the cage, but by a single 
movement of tho hand or foot of tho lander arc made to 
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protrude and catcli it m its descent Tlic moment that, 
at a lively ])it-inouth, the cage bottom touches the 
keeps, the landers have already got hold of the full 
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tnbh to iiull llicin on to feira Jirma, or arc forcing them 
out witli the empty ones which tlioy are pushing in to 
take their places. On the iron-pliitcs with which the 
staging about the pit-top is floored, the waggons are 
hauled olf, up goes the cage wnth a jeik a few feet, and 
anon plunges down again into the gloom ; whilst the 
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men are rnshing forward with the empty tubs prepared 
for the fellow-cage, winch m a few seconds flies up by 
the other side of the pit. 

■When tlie cage is two-decked, or, as sometimes m 
Belgium, has three or four compartments one above 
the other, the landing process has to he fepcated at tlio 
same level, or, for the purpose of saving time, may be 
earned on at two different levels on the staging, whilst 
the loading is similarly performed at the bottom. It 
IS in this way tliat a very neat system is adopted for 
running in and out the eight tubs which form the load 
of the great 4-dccked cage of the Grand ITornii 
Colliery, near Mons, a cs^o weighing itself, with its 
protecting cover, about 2,692 lbs. English. 

The single-lmk chains, and the round hempen ropes 
of former days, survive only at rude and petty works. 
Elsewhere they are succeeded by flat ropes of hemp 
(baiids), by the ponderous flat chains of three links 
used for slow drawing In the Staffordshire district, or 
by wire-ropo, either flat or round. Iron wire w.is 
applied to iiiiiiiiig pnrp(»cs m the Ilarlz moiintaiiis, 
and then in Hungary and Saxony, before it was tried lu 
England, and its cheapness and lightness, as com]iai(?d 
with hemp rope of equal strength, obtained for it 
a great, but by no means exclusive success. The 
desirable quality of lightness has been pushed still 
further by employing ropes of steel wire, hut not 
hitherto to any great extent, although Mr. Tyldcii 
Wright informs me that his flat iron wire lopes, 
weighing 27 Ihs per fathom, have been replaced by flat 
steel of 16 lbs , and (in tho upcast pit) by round 
steel rope of 13 lbs to the fathom, the weight of coal 
in each case being 28 to 30 cwt; and that tho round 
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ropes Imvo been working for two years, whilst the flat 
iron and steel ropes seldom admit of more than 14 
months wear. 

The flat ropes have been largely employed, in conse- 
quence of their easing the engine by coiling one lap 
over the other, and thus forming a counterbalance as 
the cage ascends or descends, giving the fullest lever- 
age to the engine at the time that the maximum 
weight IS being lifted, i.e , when the loaded cage starts 
iiom the bottom of the pit. But the greater w.car and 
tear has given rise within the last few 
years to the introduction of round 
wirc-ropcs, coiled — some upon cylin- 
drical, others upon conical diuins. In 
the instance just quoted, the drum 
runs from 16 feet at the small end up 
to 20 feet diiimotcr ; and if due caio be 
taken to wind the rope on at first very 
tightly, and to give such an inclina- 
tion as shall guard the coils against 
slqiping, these diums are found to 
work admirably. 

In the deeper Belgian collieries, cmiciii .tam'.'n wotioa 
flat ropes made of the aloe fibre (niiicli 
employed for the same luirposes m Hlexico) are pre- 
ferred. The disadvantage of this iiiatcrial would appear 
to be the great weight, since with about 1 o jier cent, 
of tar, the ropes used at the Grand Ilornii W'cigh from 
12 to 19 lbs per metre of 3*28 feet English. They are 
stated, however, to bo extremely strong, trustworthy, 
and durable. As a tlirthcr means of coiintcibalnnciug 
tlip .great weight of rope to be lifted witli the full cage, 
there is, m most of the Northern colliern s a counter- 
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balance chain attached to the dmm ahafit, which passes 
in the reverse direction to the rope over a pnllcj, and 
has, appended to the end of it, a quantity of excess- 
ively heavy links of iron, which repose at the bottom of 
a pit, 30 or 40 yards deep, when not required to bo in 
action. When, however, the descending rope begins to 
preponderate, they are gradually lifted into the air, 
and thus, when the full cage begins to be lifted, aid, 
w'lth their great weight, the effort of the engine in 
aucomphsliing the heavier portion of its work. 

The pulley-frames, or head-stocks, intended for the 
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orking of a Single hand down a pit, and thus often 
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placed one on eacli aide of tlie engine, ns commonly 
arranged in the midland districts, arc a coinpaiatiiely 
simple framing in a triangular form, composed of two 
uprights and two hack-legs, supporting a sheave or 
pulley of cast iron, 6 to 9 icet diameter, at the height 
of from 20 to 30 feet above the ground. When intended 
for rapid winding, these latter are generally replaced 
hy pulleys of greater diameter, from 10 to as much as 
20 feet, and having tlie spokes mode of light wrought ' 
iron rod and only the socket and rim of east iron When 
two bands are to be worked, the pair of pulleys are 
set upon a framing of greater breadth, which often 
has a gcneial rectangular form, steadied by back-legs 
strutted cither against tho ground or against tho 
engine-house. But the varieties m 
form are so numerous that it would 
carry us beyond our limits to do 
more than refer geuerully to them. 

A noleworthy, but expensive, 
inodiiieation is that at Beaton 
Dclaval, where the timber framing 
IS replaced by beams of Jtlis inch 
wrought iron, riveted at tho corners 
with angle-iron. Cast iron has 
been employed in Stalfordshirc for small frames, but it 
IS not to be relied upon. 

AVith all the precautions taken to secure good en- 
gines, caroful men, and trustworthy ropes, two kinds 
of accidents occusioiuilly occur, which, ns m this 
country tho men are invariably lowered and raised by 
the same machinery, give rise to a peeulnuly harrowing 
loss of life. One of these is the (meniindinq, which 
brings the cage violently up against the pulleys over- 
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head, and thus breaks the rope. And, as with the 
large drums now in use, a single stroke of the engine 
raises the cage 60 oi 70 feet, it will he seen how 
needful it is to have a careful ciiginc-miin, and ma 
chinery under perfect control. Overwinding is guarded 
against partly by having the pulley-frame high (from 
30 to 00 feet), partly by the signals which tell the man 
when to moderate his speed, and partly by ellicient 
* brakes; and of late steam brakes have often been added 
to the engines, which m some cases arc self-acting, 
and come into play by admission of steam into a 
special cylinder as soon as the cage passes a certain 
point in the guides. 

The second class of accident is from the simple 
breakage of the rope, and whilst, in most cases, it is 
guarded against only by kee])mg in employ the best 
materials, and carefully overhauling the rope, it has 
been the subject of a number of inventions, to which 
the name of safety-cage, in French parachute, has been 
applied. As early as 1840, Mr. Fourdrinier had 
practically tested in North Statlbrdshire an uigenious 
arrangement by which, on the breakage of the rope, a 
wedge was, by the action of a spring, inserted between 
the wooden guide and a part of the cage, so as to bring 
the latter immediately to a stand-still. In 1850 and 
1851, 1 saw a number of them ap 2 )licd by sundry 
colliery viewers, who, two or three years later, liiul, after 
fair trial, unshipped tlicm all, mainly for 4hc reason 
that they were apt, in quick winding, when the rope 
surged or slacked, to come into play when not wanted, 
and tlms to introduce a now source of delay and danger. 
In fact, to the present day, this same objection holds 
good, more or less, to all the varieties that have since 
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hccn proposed ; and, along with the common dislike of 
trusting to n spring for setting it m action, mihtatcs 
against tlieir general adoption by the coal trade. 

Two varieties, it is true, were shown at the Exhibition 
ot 180 m, which dispensed with springs, Pauli’s and one 
of Nyst’s, of Belgium ; bnt neither of them was 
thought satisfactory by the Jury. 

The remainder of the safety-cages are chiefly divisible 
into those where two levers arc 
made to tlirust outwards against 
the oonductors, and those where 
clutches embrace the two sides 
of the guide rods. Of the former 
kind 18 that of Fontaine, which 
has been successfully applied m 
the great collieries of Aiwin Of 
the latter, we can only mention 
White and Grant’s, largely em- 
ployed in Scotland; Aytoun’s, 

Nyst’e (fitted to trapezoidal 
guides), Jordan’s, which grips 
firmly w itliout the use of sharp 
teeth; and Owen’s, Fig. 33, which 
has been applied in many of the 
Lancashire pits, and has actually 
saved nimici'ous lives. 

The apparatus of Mr. Calow, of 
l)ci byshire. Fig. 34, is noticmblo 
fur the ingenious manner m which 
he brings a single spring to bear 
on the clutches, not when the lut’ Jith 

rope is merely slacked, so as to “ weight of a ten* 

run out faster than usual, but only when the cage 




COAL AND COAL-MININO. 


174 


begins to descend at the velocity of falling. Tlio spiral 
spring, held in a state of compression between a 



weighted cap above it, and the part of the cage below 
it, from which tlio cup is separable, no sooner finds 
Its foiindiitiou gone by the commencement of fall, than 
it flies into action, lifting its cap and polling the levers 
winch close the clutches.* 

The question of the advisability of employing any 
form of safety-clutch yet invented, is by no means 


* Models of a great numlior of tbo safety-cages which haro been in 
])Tacludl operation aio open to lUspsuUoa m thu Musouin of rnictif.il 
Geology, Jurmyn Streot 
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settled. Many of the most experienced colliery vieivcrs, 
both at home and abroad, hold to tlic opinion that they 
substitute one danger for another ; and that, what with 
the inconvenience of their operating when not required, 
the danger of trusting to springs amid the dust and 
wet and rust of a shaft, and the tendency to induce 
neglect of the proper condition of the rope, it is safer 
to trust to careful engine-men, the best materials, and 
caution in not running a rope too long, or omitting to 
have it frequently examined. 

Many of the above m\eution8 are coupled with an 
apparatus for disengaging the cage if overwound, and 
thus bringing it to a standstill against the guides , and 
these form, doubtless, a very useful adjunct. 

A cover, or honnet of sheet iron, is now very generally 
added to the cage, to protect the men against falling 
materials ; and with the addition of sliding gates at 
the shaft-top, which are lifted when the cage eomes up, 
but guard the brink of tlie pit when the eago is down, 
are safeguards against many of the accidents so rife iii 
connection with shafts. 

Those who are connected with metalliferous mines 
would like to see one of the pits of every coal-work 
Jilted witli a ladder-way, to give egress to the men in 
case of accident to the winding nincliincry ; but though 
commonly employed on the Continent, ladders are 
quite unusual at our Biitisli collieries. 

The safest and most economical mode of putting the 
men up and down the shafts is the FahrkuHSt, or mnu- 
ciigino, a reciprocating rod or pair of rods, iittcd with 
steps, by which the traveller is lifted from 8 to 14 feet 
a^ a stroke, and by which an entire pit’s crew of 400 or 
500 men may be conveyed in little more than an hour. 
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In Bclginm and Westphalia, as in our Cornish mines, 
they are in common use ; and, from a long experience, I 
can testify to their comfort and security ; but m our 
cool districts, a strong feeling in favour of the rope 
prevails, by which, although ono party of men passes 
through the shaft more rapidly, the passage of the 
whole complement occupies the engine much longer ; 
whilst the annals of colliery working supply us with 
' too many sad instances of the dangers which attach to 
this system. 


CIIAPTER XV. 

DIU..INAOE AND PlTMl’lNO. 

In no respect do collienes differ more from each other 
than m the quantities of water which tlicy encounter, 
oitlicr in the winning, or m the subsequent working 
of their mineral. In one case, a retentive clay cover 
may prevent the access of surface water, winch iii 
another may pass m abundance thiough a sandy nr 
a gravel alluvium. In certain districts, water-bciiriiig 
measures of an almost fluid consistency must be passed 
through, whilst m others, the comparatively tight coal 
measures may at once be entered. Frequently the 
strata above and below the coal arc so corap.it't as to 
lender tlie workings actually too dusty and dr} ; but 
instances are common enough m which water m.ikcs 
its way through the roof stone, or through the co-al 
itself, and adds diiBdcultics and expense to the whole of 
the operations. lii a former cliapter, w'c have seen that 
1^ the process of ttMing, the water met with m tlie 
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sliilft may bo so effectually cxcliidid, as e\cn to admit 
of a mine being worked dry beneath heavy feeders ; 
but it too often happens that either from the conditions 
of the place being unfavourable to the process, or from 
its not liaving been attempted, a costly system of 
pumping has to be unremittingly maintained. 

Up to the beginning of the present century there 
were many districts in which coinjiaratively shallow , 
collieries were drained by means of adit-levcls, or 
often driven for a long distance from lower 
ground. But, in proportion as these superficial work- 
ings have been exhausted, it has become iiecessar}' to 
follow the seams to greater depths, and there arc but 
a few hilly regions left, such as South Wales and Dean 
Forest, where some of the works still eiyoy the ad- 
vantage of free drainage. 

Before the practical introduction of Newcomen’s 
steam-engine, tlio modes of removing the water from 
under-level excavations were by the application of horse 
power or of water-wheels to an endless chum nith 
buckets, to drawing-jiumps, to the rag-aiid-cbain, or 
to winding of the water in barrels or ox-skins. Agri- 
cola gives iir. 111 ISftO, an accurate description, with 
drawings, of many varieties of apparatus worked by 
tread-wheels, by horse-gins, or by water-wheels of 15 
to 30 feet diameter, which show that veiy little advance 
was made between the jicriod of liis observations and 
the commenceinent of the 18th ceutiirj’. Nay, it is 
clear that until of late years, many of our mines still 
laboured under the same disadvantage ns of old in their 
pump-work, viz., that it was supposed to bo necessary 
to^restrict the height of a lift of pumps to the 32 feet 
through which water can be raised by atmospheric 

N 
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prcssTiTe. The several coutrivauces above meationed 
answered their purpose as long as the pits were very 
shallow, but their difficulties increased rapidly with 
depth (a condition of mining work often overlooked by 
inventors), repairs were constantly needed, and, “ when 
a joint-pin gave way, the whole set of chains and 
buckets fell to the bottom with a most tremendous 
crash, and every bucket was splintered to pieces.’' * 

When pumps were employed, of which the one 
raised water, about 30 feet only, to the next lift above, 
the moving parts hod to be so multiplied, that things 
were unnecessarily crowded m the shaft ; iirst-cost and 
subsequent maintenance wore needlessly heavy, and all 
the difficulties were greatly augmented with the increase 
111 the volume of water to be lifted 

These common drawing or “ suction *' pumps had to 
be converted into the more useful drawing or bucket- 
lifts of mines, by the simple expedient of increasing 
the height of the collar above tlie piston, or m other 
woids, making the bucket-rod work mside a column 
of pumps, or trees (as they arc often termed, from 
being originally of wood), and lift the water abi)\c 
it Applied in this manner, tlio length of the 
lift becomes only a question of strengtli of materials, 
and it IS commonly extended to .50, 60, or 80 yards. 

The woodcut. No. 35, will show, in section, the 
bucket in its reorking barrelj the rod extending upwind s 
with the column, or trees ; below it is the cltick^ or 

• Fossil Fuel, p 196 A sinRulRr piimpmf'-miichmp rpciilhng this 
old appuiatns wus sUll, in 18,57, U) lie soun Ht the little ciilliory of Coiil 
Barton, near Fromo, where 50 latliomB luiif'lh of S-iiiih pumps won) 
worked hy a fall <if water passing 26 yunls down a pit, and utilised 
npcin a rham with buckets of sheet iron kpping over wheels above 
and below 




Vig. 96 Btickttt, or drawing lift 


Fig 96. Plunger lift. 
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valvc-piecc, resting m its scat, and capable of being 
removed either through the clack tloor^ or soinctimeB, 
in case of accident, by being fished up with a hook 
passed down through the column on removal of the 
bucket-rod. The lowermost portion is the so-called 
nAndr-borCf or snore-piece, where the holes in the bottom, 
generally covered by the water of the cistern or the 
sump, arc of such size as to prevent the entry of chips or 
stones. The joints of the various lengths, and that be- 
tween thQ door and the cluck door-picce, axe made tight 
by the intervention of a thin layer of some soft matei ml, 
as tarred fianncl, caoutehouc, tStc., and screw bolts and 
nuts. The action of this iminp is easy to follow : at 
every up-stroke of the rod, the water will rise tlirough 
the clack, and the column of it standing above the 
bucket will be so raised as to deliver, at tlie top of 
the lift, a quantity measurable by tlie diameter of the 
workmg-barrel and length of the stroke. Should the 
pumps be gomg “ in fork,” or the water have 
receded below some of the holes of tho wiiidborc, the 
ebullition of the water will show that air is 1)0111'' 

O 

drawn, and that the full quantum of water is not being 
raised. 

A few spcciahties of the bucket-lift may be iiotiecd. 
When the water is saline or acidulous, and corrodes 
the iron, the working-barrel, ordinarily of cast non 
duly bored, is sometimes made of brass or gun met.il 
(as, indeed, it very often was m earlier days); or, us in 
some of tho copper mines in Cornwall, the whole of the 
pump-work may need to be lined with staves of wooil, 
carefully fitted like au internal cask, to prevent the 
rapid destruction which otherwise ensues. During tli« 
sinking of pits, and where sand finds its way to the 
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sump, the leather with which the bucket is geared la 
r»2>idly cut to pieces, and the water ceasing to bo pro- 
perly lifted, the backet has to be changed. In very 
bad cases this may take jilace, not merely several times 
a week, but even every few hours, and the time and 
cost expended in the operation are very senous. Me- 
tallic and gutta percha packing have been largely tried, 
but ivithout establishing a general siifieriority. 

The clack is much more slowly worn, but it is never- 
theless often a subject of trouble if the water be quick 
and rises above the clack-door before the change be 
made. When in such case it refuses to act, and sticks 
fast in its seat, it must either be drawn out by mam 
force, or a second clack may be dropped upon it, and 
the water thus lowercil. In recent instances, very im- 
portant services have been rendered by professional 
(InerH, employed to put to rights a lost lift. At Me8sr». 
Klctcher’s Clifton jnts, Workington, and in South 
Wales, the work has been thus satisfactorily done by aid 
of the diving apparatus, under 30 or 40 feet of initcr. 

To leturn to the action of the pumps. At every up- 
stroke it will be seen that the engine has to raise the 
rods, or spears, and their connections, as well as the 
entire coluniu of water contained in the lifts ; and iii 
Older to obviate the enonnous strum thus occasioned, 
it was early found desirable, m the dceii mines of Corn- 
wall, to substitute for the buckets a forcing arrange- 
ment 111 all but the bottom lift. Tins was jierfected by 
Ciqitaiu Leau, m 1801, by the lutrodiiotion of the pltmg^r 
poky or ramy working through a stulfing-box mto a 
plunger case of bored cast-iron, and foiciiig at every 
dpwii-stroke the water ui>wards through im up^ier clack, 
iiml the clear column of pqics above it. The working* 
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of this method will be evident from the sectional wood- 
cat, No. 36. 

'Die great advantage hence derived over and above 
the much smaller degree of wear and tear, is, that tho 
engine lias simply at each stroke to lift tho rods and 
plunger poles. Tliese, then, in the down-stroke, by 
their own weight, descend and force the water liefore 
them. And inasmuch as the weight of the nxls is far 
more than sniScient in a deep mine for tins purjiose, 
they are in port counterbalanced by beams (balance- 
bobs) placed some at surface and some at intervals in 
the shaft, each laden with 15 to 20 tons of old iron. 

Thus, m the mine of Tresavean, at a shaft 348 fathoms 
deep from surface, tho 86-inch cylinder engine raised a 
weight of rods, plungers, and setS'Olf, for nine lilts, of 
67 tons, 3 cwt. Tho man. beam, with its gudgeons, 
connections, Ac., 50 tons ; four balance-bobs, CO tons ; 
the four loaded balance lioxes, 80 tons ; or, altogether, 
besides the weight of water m tho drawing lifts, about 
260 tons, to bo set in motion at every stroke of the 
engme. 

Tho arrangement in Cornwall is nuivcrsnlly the same. 
From the end of the main-beam, projecting over the 
cngino shaft, a single rod passes all the iv<iy down to 
the bottom or bucket-lift. Employed in its maxiiniim 
strength at the surface, where it has the full weiglit to 
sustain, it is then tapered or diminushcd doirnw.iid 
according to the diminution of tho stniiii by which it is 
affected.* At the requisite iiitervals tho plunger poles 
ore attached to it by aeta-qff, bound to it by strong 

* Thm, in a deep mine, a mam rod of 290 fathome long la mode, 
for the flnt 120 Iktiioma of two 12-inch iqiiato Ri|>n balk, and aftolS 
wards one of l5-ineh bulk, decrewing to 14-inch and 12-inch, 
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staples of iron. The several lengths of rod, generally 
from 40 to 70 feet in length, are connected by the aid 
of strapping plates of hammered iron from 9 to 12 feet 
long, on opposite sides of the rod, bolted through it 
with screw bolts. At moderate distances apart, stays 
arc placed ftross tlie shaft, which guide the motion of 
the rod, and iron rollers are added where it deviates 
from the perpendicular. At intervals, too, very strong 
beams are fixed in the shaft as eatr/ies, to prevent the * 
fall of the rods downwards, as well as indoor catelux^ to 
prevent damage to the engine in case of the rod break- 
ing at a shallow point, and thus being suddenly relieved 
of its great weight In this manner the gigantic pumps 
employed in some of the mines arc worked with such 
perfect ease and smoothness of action that you may 
stand near them in the shaft and not be airarc, e.xcept 
by seeing, that they are in motion. 

1 have thus dwelt especially on the Cornish methods, 
because tlio necessity for economy and the competition 
lietwcon tlie engineers in that district have brought 
the pit-work to a higher degree of perfection than is to 
bo seen elsewhere. When tested by the work done for 
a given sum of money, it contrasts remarkably with 
the rattle and concussion, the heavy cross-heads, and 
the greater coni])lication of rods that are often notice- 
able in other mining regions, even though the excellent 
invention of the plunger may have been adopted. 

Wo have now to examine into the mode of applying 
the power which is to keep the pumps in action. I 
may omit to describe the means of setting water power 
to work pumps of the above doseription, for although 
pften employed with adi'antim^c for inetaUifcroiis mines, 
it seldom comes into play m collieries. Both in the 
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commencement of operations at a difficult sinking, and 
afterwards as u permanency at small or liglitly-watercd 
pits, the double-acting rotary engine is commonly used. 
If the water is to bo drawn at times when coal is not 
to be raised, the usual ropes or chains have attached to 
them water-barrels, amls,^ or nnges^ whifti will carry 
from 10 cwt to a ton of water, and are emptied on 
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reaching the surface by means of a self-acting \iilvo 
I'laced in their bottom, or by being capsized by the 
lander. When pumps arc to bo worked, it is usually by 
sweep-rods passing from tlie crank on the mam shaft 
to quadi*ants or bell-cranks at the shaft niimtli. En- 
gines of this class, whether worked by high or low 
pressure steam, are suitable enough for temporary < r 
auxiliary purposes, but must be superseded in deep or 
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heavily watered mmes by special pnmpin" engines. 
In some few instances tlie combination of drawing and 
pumping may bo seen on a large scale, as m Vig. :)7, 
representing an engine of 6.5-inch cylinder and 7- 
icet stroke, Cambois, Northumberland, which, tliongh 
ultimately intended for drawing alone, is at prespnt, 
during the sinking of the shall, working the pump rod 
by the intervention of, first, n built wrought-iron beam, 
and, secondly, a beam of oast metal. 

The engines intended for serious pumping (orm a 
subject of the highest importance in mining, and ns the 
value of the best kinds is still but impel fectly under- 
stood, It IB desirable to take an accurate view of the 
results which have been obtained from them. 

AV'e have alreiuly, m Chap. I., followed the improve- 
ments of t lie steam-engine with reference to the employ- 
ment of coal as a motive power, and have seen that 
Newcomen’s atmospheric engine (of which a very feiv 
specimens arc still loft) was sncceedcd, soon after 
AVatt’s ]).iteut of 170'.), for tlio separate condenser, by 
various improved foiiiis. The comparison between 
different constructions which tlieii became needful, w.is 
ninde by calculating the duty, or number of pounds of 
water raised one foot high by a bushel of coni. When 
Siiicaton commenced Ins niodificatioii of the atnios()heric 
engine, the average duty about Newcastle w'as o,5S)0,0(i0 
lbs. , m 1772 be erected one at AVMical Busy, which 
attained 9,450,000. The sanio great engineer acknow- 
ledged that Watt’s engines, which cnine out between 
1770 and 1779, would perfonn double the duty of his 
own, and some of them were tested to do nearly 
19,000,000. The average, however, of Watt’s engines 
in Cornwall gave a duty of 17,000,000, and when 
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20.000. 000 had bcon attained in the engine at Hcriand, 
that shrewd philosopher pronounced the work jicrfcct, 
and stated that further improvement could not ho 
expected. Left, however, to themselves, by tlie expi- 
ration of Watt’s patents, and tlie withdrawal of his 
agents from the county, the Oornishmen after a few 
years organized, lu 1811, a system of monthly reporting 
the engines, with their conditions of work, and the duty 
accomplished. Within a space of some twenty-five ye.us 
marvellous results were produced by the emulation thus 
aroused among minc-captams in the arrangement of 
their pit-work, and among engineers in the devising of 
improvements m boiler and engines. 

As some of the modifications to be specially cited 
are, (1) Trevithick’s tubular boiler for generating high 
pressure steam, whore tiu fire is applied at the large 
end of the tube, and the heated air mailo to puss through 
it, then beneath the boiler or outer tube, and afterwards 
along its sides ; 2ndly, tlio expansion in the cylinder of 
the high-pressure steam by closing the inlet valve at 
i, Srd, itli, or even 1th of the stroke, whereby from 41 
to 60 per cent, of the fuel is saved; and Srdly, the 
addition of a steam jacket or outer case to the cylinder, 
BO protected by a brick wall, casing of sawdust, or other 
clothing, that the internal spare is occupied by steam of 
a temperature but little below that iii the cylinder. 

F'om an average duty of 17,000,000 performed in 
Watt’s time, tho Iteports published by Lean show an 
amount of 28,000,000 attained in 182.'1, and of no less 
than 60,000,000 in 184.1, whilst the best engine then 
tested had actually given an average duty of above 

96.000. 000 ! The most remai kable case on record is that 
of Austen’s engine of 80 inches diameter, erected by 
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Mr. William West, at Fowcy Consols Mines, and which, 
on being reported in 1834 to give a duty of nearly 
08,000,000, was the occasion of a searching investigation 
and of a practical experiment, conducted by other en- 
gineers and mine agents, formed into a committee.* 
The shafti was at that time 131 fathoms below the eiSiix 
point of tlic water, the lifts of 1.5 inches diameter for 
the three upper, and 10^ inches for the two lower ones ; 
the length of stroke 0 feet 3 inches, the pressure at the 
boiler 36^ to 4.5 lbs. per square inch. The astopishing 
result was, a declared duty for the twenty-four hours of 
experiment, of 12.5,000,000 1 

On taking the average duty all through the jear 
at 91,072,210, we find that, as burnt in this war, 
one ton of coal will do the work of five tons in Watt’i. 
engines, and will raise for 100 fathoms in height as 
much as 307,000 gallons, or 1,688 tons of water; 
W'heneu, taking coal m Comw'all at an average priee of 
1.5a. per ton, the fuel coats one farthing to raise 2i tons 
of water 100 fathoms. The coal consumed for the long 
single-tube boilers of the Cornish engine is Welsh, 
shipped from Llanelly and Swansea, mostly small, and 
weighing 94 lbs. to the bushel. The combustion is very 
slow, but so perfectly cficctcd, that a few years ago 
scarcely a puli' of smoke was to be seen between one 
end of the county and the other. Of late it is true that 
a black pennant is occasionally visible, and the hlanic 
IS laid upon inferior coals. But, at the same time, it 
IS observable, that a very small number of the engines 


* Bimiliir expcnnieiiU liy n cnminittpe hnil shown, in Docenibcr, 
1827, that Woolf’s engine, at the ronsohihitpil Alinos, ga\o 63,663,473 
Ihs* duty, and Qrosu's engino, at Wheal Ton on, Bt Agnes, in 1828 
87,2U9,6b‘2 Ihs 
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are roporfod, and the avern»o duty has deteriorated ; 
and thus, whilst the shareholders grudge the guinea 
or two per month for engineer’s or reporter’s fee, they 
pay heavily in increased coal-bills. 

Among the most experienced of our mme-engineers 
in Cornwall, may be mentioned Captain Grose, Messrs. 
Harvey and Co., of Hayle, Messrs. Hocking and Loam, 
and Mr. West, of St Bhizcy. Engines on a similar 
construction have been bnilt elsewhere, at Messrs Fii’r- 
bairn’s.and many other works, both at home and abroad 
But there has been wanting a fair system of reporting 
the results obtained , and when we see the great stiides 
Avhich accompanied the recording and publishing of the 
details m our western counties, it appears most de- 
sirable that such reports should become more general, 
and should include coal distiicts, in which we too often 
liave to witness iiiisernblc cxliibitions of neglect, extra- 
vagant use of fuel, and great wear and tear of materials. 
To compare a bod case Avith a good one, I have wiitclied 
a large pumping engine in the north, which raises water 
from 105 fathoms deep, in 12-inch lifts, at 7^ strokes 
per minute, with a consumption of 20 to 25 tons of 
slock per day, A similar amount of work is done by 
an average Cornish engme with from 2 to 2^ tons. 
The coal is, doubtless, in the former instance inferior, 
but the result shows that there are engines in the 
country consuming upwards of ten times the quantity 
of coal that is needed for the work ticeoni^ilislied! 

At the beginning of the century, it was ])roposcd by 
Bull, to omit the heavy beam, or bob, winch constitutes 
a great part of tlie den<l weight of the conniion pumping 
engine, to place the cylinder over the shaft, and connect 
the piston-rod, working through the bottom, directly 
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with the main rod of the pinnpH. Tlie Bull-onginos 
Lave been erected at many mines, but have failed to 
compete with tlie others. Of late years, scvenil have 
been established at collieries in this country and abroad, 
but their effective performance is doubtful. Another 
iiioditicatiou 18 just now in fashion m the coal districts, 
although condeinncd, after long experience, m Cornwall, 
vi!!., that of inverting the cylinder and placing the 
beam below it. But the piston-rod can hardly upon this 
system be so well lubricated, nor the stiiffing-bo$ kept 
in G(]ually good condition, and the asserted saving m 
the building of the engine-house seems at best to he a 
very qiicf-tionahlc piece of economy. 

The fearful loss of life occasioned by the fracture of 
the main beam at the flarticy Colliery, has been the 
cause of further attention paid to that part of the engine ; 
and sovi'ral methods of suhstitutiug wrought for cast 
iron have been applied. At Clay Cross, the beam ot 
the new 84-inch engine is formed of two slabs of rolled 
iron 3G feet lung, 7 feet deep in the centre, and 2 mclits 
thick, the two braced by strong cast-iron distance- 
pieces bolted between them, the whole beam weighing 
152 tons. At North Seaton and Cambois, near New- 
castle, and at East Caradon, and other mines in the u'est, 
beams have been vniiou'ily built of boiler jilutc and 
angle-iron ; but it yet remains to be seen, uhat mode 
of construction will best ensure that rigidity which 
cast iron, with all its faults, must be acknowledged iii 
a high degree to possess. 
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CHAPTER XVL 

IlOHmO OF THE WORKINGS. 

The collier, in descending to his work, seldom needs to 
carry a light throngh the shaft. A few seconds, when 
the machinery is good, or minutes where it lacks power, 
are sufficient to land him at the bottom, either in the 
dense .gloom of a pit eye, rendered barely visible by a 
candle, or a safety-lamp, or, accordmg to the circum- 
stances of the collieiy, in a busy scene of activity, well 
lighted by oil lamps or even by gas. Here, or at some 
station not far in-bye, he will light up, and, after a 
little delay, in onlor to accustom tlie cyo to the darkness, 
proceed on his inward way. 

The lamps of the well-known classical form, of which 
tlio Romans have left us numerous extunples m bronze 
and terra cotta., survive in many of oar modem under- 
ground workings, but ospeciully m the metal mines of 
the Continent In the collieries more generally their 
form has been changed to one with a globular, cylin- 
drical, or conical oil-holdcr, and with a much smaller 
wick than would bo used in the Roman lamp. The 
Scotch and some of the Saxons employ a little metal 
oil-lamp, with a hook on one side, by which it may be 
attached to their cap when travelling in low iilaccs on 
hands and feet, or when dimbing ladders. In pits 
about Mons, in Belgium, an oblate form is preferred, 
resting upon a strong iron spike, by which it may be 
fixed into wood, or into the coal itself, at the required 
point of work. Lamps of this kiud may be constructed 
to give a very tolerable hght with vegetable oils, at the 
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cost of fromi three farthiogs to one penny for eight 
hours. Within the last two years, lamps for burning 
petroleum and paraffine oil have been proposed, and a 
splendid light has been obtained, but coupled, m the 
examples which I have tested, with a disagreeable 
odour very objectionable in narrow excavations. 

Our English colliers (as also some of those in Saxony, 
&c.) have more commonly been lighted at their work 
by tallow candles, which, for ordmary work, are from 
twenty to twenty-five to the pound, but for fiery col- 
lieries, used to be so thin as to weigh thirty and even 
forty to the pound. The candle is cither fixed in a 
holder, with a spike at the end, or is attached by soil 
clay to the place whence it best throws a light on the 
work ; if it be used in a draught of air, a shield of wood 
18 placed behind it to jircvcnt its “ swedhiig.” Before 
the successhil introduction of the safety-lamp, it was 
the regular practice to test the presence of fire-damp in 
the working stalls and in the wastes by the appeanincc'i 
of the flame of a candle; and skilful, stciidy-hnndcd 
pitmen nc(][uired such a readiness in thus trying the 
gas, that they would sometuues almost play with it 
when standing within a hair’s-breadtli of destruction. 
Thu slim candle is for this purpose neatly trimmed, and 
then held out, shaded by one hand, so that the top of 
the flame can be more cleaily watched. On being ad- 
vanced gradually upw.ird m a place where fire-damp is 
lodged, the flame is seen to elongate, and to assume a 
blue colour, more or less puic, according to the nature 
of the gases present; sometimes, indeed, if the car- 
buretted hydrogen be much mingled iMth carbonic 
acid, nitrogen, &c , the “ cap ” of the flame will exhibit 
a grey or brown tint ; and such variations will be fre- 
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qnent in the mingled imparities of the “ return ” air- 
courses. As some varieties of iiciy gas arc “ quick ” 
in comparison with others, it needs a cool head and 
unswerving band to lower tlie candle again with the 
requisite stillness, when once it hod shown too dan- 
gerous a rap. It seldom happens that the candle is 
now used for this purpose, unless to test the presinoe 
of the enemy m places canable of storing only a small 
quantity. 

Towards the end of the last ccntiiiy, when it lias 
attempted more and more to work m places infested 
with fire-damp, various substitutes for the old inetliud 
of lighting were tried. The reflection of the sun’s rays 
from a mirror was capable of throwing a suflicicnt light 
forward for some little distance from the shaft for the 
accomplishment of certain work about the pit-cyc, but 
was inadequate to penetnite far into the workings. A 
premium attached to those men who could work best 
in the dark, for driving some dangerous place into 
•which no candle could hr taken. The stpul-mill was 
then invented by Spedding, ol Wliitchaveii, and ae- 
qnired a considerable popularity. Tn this instrunicnt a 
disc, witli periphery of steel, is made to rotite rapidly 
by means of cog-wheels and a handle, lyhilst a sliai]) 
flint IS held against the steel edge, and a succcsmoii of 
sparks is given otf, winch jield a feeble irregiilai imli- 
ance. One person had to turn the mill, whilst another 
jihed the pick ; and yet, in spite of its costliness, its 
miserable ghmmer of a light, and its having distinctly 
caused several explosions, no other means of illiiniina- 
lion could be employed ; and it made so many friends, 
that even m 1822 it is described by a pitman as “ an 
excellent instrument to travel dead waste with, because, 
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when in the hands of a judge, it discovers, by its various 
shades of light, where gas is, and where it is not.” * 

The occurrence of very serious explosions in the 
county of Durham in the year 1812, led to the establish- 
ment of a Society fbr the Prevention of Accidents in 
Coal Mines, at whose meetings in Sunderland, in 1813, 
Dr. Clanny, of Newcastle, exhibited his first lamp, in- 
tended to give light in on explosive atmosphere, and of 
which a description was published m the Phdosophical 
Transactions. In October and November, 1815, liis 
lamp was tried in a fiery pit, whilst that of Sir 
Humphrey Davy is stated to have been first tested in 
practice only on the Ist January, 1816. But although 
thus early in the field, Dr. Clanny afterwards judiciously 
modified liis lamp by applying to a part of it|^he 
invention of Davy. 

This great philosopher first visited some of the col- 
lieries in 1815, and, alter an elaborate senes of investi- 
gations, during tliat year and 1816, perfected the lamp 
which was to be so great a boon to the mining com- 
munity. It would be out of place here to refer at length 
to the successive steps of the inquiry which established 
the fact, that flame cannot be passed, except under 
pressure, through a wire gauze containing six, seven, 
or eight hundred holes to tho square inch, and that 
hence the explosive mixture might ignite inside a gauze 
cylinder without communicating the flame to the gns 
outside it. Tlio standard which was fixed on the safe 
limit was a gauze with 28 iron wires to tlie linear inch, 
or 784 apertures to the square mch. A lamp of 1 j inches 
to If inches diameter was at once found to be safe m 
the jnost inflammable air of the pits, so long os atten- 

* “ Tho Pitman's InfiiUililu Guide ” Newcastle. 1822. 

O 
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tion was paid to the cautton which he inculcated, that 
it must not be exposed to a rapid current, or allowed 
to become red-hot from the combustion of the gas 
within it Mr. Bnddle showed that it thus became 
unsafe if exposed to a current of more tlian 3 or 4 feet 
per second, and Dr. Pereira proved that fame could be 
passed through the gauze, if the lamp were sul\)oeted 
to a sudden jerk. It is hence manifest, tliat, as s'ated 
by Davy himself, this is an mstrumeut of perfect se- 
cui-ity*only m careful htmds, and that it should be 
guarded by a shield when exposed to a rapid current of 
explosive air. 

In the long senes of years that have elapsed since 
the first safety lamps were sunt down to the northern 
cosifelds, a ve”y small number of accidents has been 
traced to the lamp itsolt, and many of the alleged cases 
are doubtful. Its thorough cilicacy has been daily 
tested, not only where it is employed for iiispeotiug the 
working-places the frst thing iii the morning, or for 
travclhug-places of known nsk, but in many instances 
for the working of a large portion of, or even the ciitiie 
area of a pit. And, indeed, it is like an effect of magic 
to pass. With the safety-lamp in hand, into a fery stall 
or along the edge of a goaf, and to walk unseatlicd in 
tlie midst of an explosive comjiound, whose deadly 
power would dash you to pieces if there weiu but a wiie 
awry in the gauze. Abundance of warning is given by 
it; and as the quimtitj of gas iiicru.isus, tlie ll.iiuu, ut 
fist elongated by a blue cap, flashes into an explosion 
within the lamp, more or less flercc according to the 
mixed nature of the air When the carburetted hj - 
drogen is mixed with common air in the ratios of from 
1 to 4 parts, to 1 to 12 ports, it is highly explosive ; 
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w'lilst below and above that proportion it bums quietly. 
But if tlie fire-damp bum in it until the gauze becomes 
red-hot, it is time to withdraw the lamp steadily from 
the place, or to extinguish it either by dipping it gently 
into water, or by drawing down the wick with the 
trimming wire. 

The chief objection to the Davy lamp consists in its 
small imiount of light, which leads the colliers, who are 
paid by the quantity of coal which they cut, to substi- 
tute, when they iniagme they are safe, the opch light 
of a candle, or of the lamp, with the gauze removed. 
So many serious accidents have arisen from this cause, 
tliat a vast number of modifications of the oiiginal 
l.imp luive been brought forward, some for tlie purpose 
of obtaining a fuller light, others with the object of so 
locking the gauze to the lamp, that the colliers shall 
be unable to take them asunder, or shall only do so 
with the certainty of puttmg out their light, or of bemg 
detected. 

It would occupy too much space to describe the 
various contrivances which have been proposed fur these 
purposes, but it is essential to notice a few of the sofety- 
liunps whuli have come into extensive use. 

1. Tlic ordinary Davy-lamp, as most commonly em- 
jdoyed lu this < ountry, a. Fig 38. The cylinder of iron 
wire gauze is fixed to a bruss ring, which screws on to 
the oil-ve‘'8cl Its upper portion is double, m order to 
guard .ig.iiiiot the effect of the heated gases jinssing off’ 
from the combustion. It is guarded c.\tcmally by three 
strong wires, or rods, attached at the top to a metal 
roof, above which the loop is placed for carrying or 
suspending the lamp A thin wire, for trimming the 
wick, passes up through a close-fitting tube from tho 
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bottom of the oil-vessel. It is commonly locked by a 
bolt, tnmed by a simple key, till its head is sunk even 
with, or below, the surface of the metal where it is 
inserted. A part of the circumference is sometimes 
protected by a curved shade of tin or horn, mado to 
slide upon the protecting bars. The usual cost is 6 a . Qd. 
to 7«. Qd., and the weight about 1 lb 6 ozs. 

2. Clanny’s lamp. The lower part of the gauze is 
replaced by a cylinder of thick glass, well protected by 
vertical bars. The feed air has to enter the lamp 
through the gauze above the glass ; hence, what with 
the imperfect combustion, and the thickness of the 
glass, the light given off is not much greater than that 
of the common Davy, whilst the weight is double ; and 
tho risk alleged to attend the use of the glass, has 
added to the objections made to its common employment. 

3. Lamp by Dubmllo, of Ldlo. This is a Davy, pro- 
vided with a locking-bolt, so connected with an arm 
which lays hold of the wick, that if the oil-vesscl be 
unscrewed fiom tho gauze cylinder, the cllcct is to draw 
down tho wick and extinguish the light. This and 
other analogous contrivances would bo efficacious if the 
men could be prevented from taking with them liicifor 
matches ; but as long as it is in their power to strike a 
light at will, the only real detection winch has been 
applied seems to be a Belgian method of locking with 
a pin of lead, which, when put in its place by the lamp 
trimmer, has a device punched upon it Tlio lamp 
cannot then be opened without breaking the pm. 

4. Stephenson’s lamp, n. Pig. 38. Tho “ Geordic,” as 
it is called after its inventor, George Stephenson the en- 
gmeer, is made of rather larger diameter than the Davy, 
but has the additional safeguard of a glass cylinder. 
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surmounted ty a cap of perforated copper within tiie 
Wire gauze. The feed air enters by a series of small 
orifices below the cylinders; and, in order that the 
light may burn well, it is important to hold the lamp, 
OP suspend it, when at work, in a perpcudicnlor position, 



Tig ^ Safety Inirip Scale, one-third tnw size 
A DiiTyV, mill viil Kin 1) btophcnMin'i, iii aeLtlon, C, Mneurlw’s 

In Die HPctfraiB flip duftPil liaop npi tlio pnrtp Almdpd with obluiuo lino^ lire 

glnM till* Htriing blink lima elippt uielul Tlio arro^p rpirc«(nt the (iiri.i turn uf 
the ttir-i iirn iitB 

and to guard against these small feed-holes being 
clogged with oil and coal-dust. Hie glass is a preserva- 
ti\o to the wire-gauze, and even should it be broken, 
leaves the Jiiinp still safe. It is moreover free from the 
risk of overheatmg, since, when the lur becomes highly 
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explosive, the light goes out. A good juanj of these 
lamps axe employed lu certain British collieries, and 
when carefully treated and watched, give good lehults. 



Fifi; 99 Safi ty lamps SchIp, onc-llutil Inn 
]>, Hi Einm's F, PliniiV Miiinlir 

Hie dulled lues are idrc-jwixpi tlie iktrtM sliadpil with obbipii* lituH nn ihx tli« 
•trraig hliuk hoes sltcet motul 


which compensate for the extra weight iiml lohI as 
compared with the Davy. 

5. Boty’s lamp, D, Fig. 39. A royal commission, iij)- 
pointed in Belgium to take into consideration theiiiemis 
of lighting fiery collieries, recommended, in addition to 
the simple Davy, this and the three following. In Bnty’s 
a good light IS given tlirough a short glass rilindcr, 
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bnrmoantcd by a wirc-gaiizc chimney, the feed air being 
admitted through a senes of mmnte perforations a little 
below the level of the flame. The same precautions 
mutt be taken with regard to these minute orifices, ns 
in the Stephenson. 1 have seen these lamps in use 
near Charleroi, where the agents expressed themselves 
well latisfied of their security, if tlio cylinder be mode 
of properly annealed glass. 

6. Mueseler’s lamp, c. Fig. 38 Tins consists also of a * 
glass lylinder below, and wire-gauze above ; but, by the 
insertion of a central metal chimney opening a short 
distiuce aliove the flame, so strong an upward draught 
IS pnduced by the heated gases, that the feed uir is 
drawl briskly down from the wire gauze, and passes by 
the nsidc of tiie glass to tlio wick, thus keeping the 
glass cool, and insuring a suiienor combustion. Up- 
wards of :20,000 of tliese lamps are said to be in daily 
use in Belgium, and I am assured by M. De Yaiix, eu- 
gineei-in-cliief, that no accident has been traceable to 
their iiilure, although they have now been introduced 
for ni.iiy } ears. The glass is of course subject to frac- 
ture, ind its avernge hfu is eighteen months. The full 
light vhich they give, removing, as it does, the temp- 
tation of opening the safety lamps, is a strong point in 
their hiVouT ; and they have been employed with success 
by M'. Lancaster, at collieries in Lancashire, and by 
Mr. '^’Idcii Wright, at Shireoaks in Xottiughainshire. 
At tie latter colliery, where they have been introduced 
for learly five ycam, and are charged Sis. 3f/. each, I 
lean that for si.\ months 383 Miiesolcrs had been m 
daib use, and consumed 1 gallon of refined lupe each, 
in diat period 63 glasses hod been broken. A great 
couveiiieiice is, their not being affected by an amount 
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of draught sufficiently strong to blow out the common 
Davy ; and some viewers hold it to he au advantage, 
whilst others object, that it goes out when the uir be- 
comes highly explosive. 

7. Elom’s lamp, E, Fig. 39. This arrangement, pro- 
posed by M. Eloin, of Namur, about 1850, admits the air 
through a ring of wire gauze under an argand, ca}), 
Burroundmg the wick. Above this, the light is givijii oil* 
through a gloss cylmder, formed in such a curve exter- 
nally aB.to diffuse the rays. The upper part of the lamp 
surmounting the glass is a brass tube, covered at tie top 
with wire gauze. A brass reflector slides up* and down 
the protector bars, servmg both to throw the light 
downward when needed, and to guard the glass a;airist 
dropping water. An admirable light is givcu ly the 
Eloin, but it requu'cs to bo carried in careful lauds, 
smeo it is voiy apt, in rapid movement, to be siudeiily 
extinguished. 

8. MueseleFB lamp, modified by Eloin, f, Fg. 39. 
The combination of the principles of the two above 
lamps IB clearly seen in the sectiou 

With regard to the employment of safety hiiips, 
there can be but one opinion of llicir value lu testing 
the condition of the working-places before tho nan are 
admitted to them of a morning, and iii the exoniiiatioii 
of those parts of a colliery not visited by the orjiuary 
collier, where fire-damp may be expected to be present.* 

* Altbongh it la not aa yot uaed in pnictico, I would draw nttinliijii 
to tlio ingonioua "firo-diunp indnator” of Mr Ansoll, of thollo)Hl 
Minl^ in which tho dtffuaum of gaaoa la mudo to point out Ly an mdi k 
hand on a dial tho proportion of fire-damp m tho air Ono fom of 
inalrttiaent la contnvod to rdoutie a detent and nng a heU , inolhor 
intended, like on aneroid, for tho pockot, u capahlo of deteotinj 1 5 
per cent of gaa. The ilavy lamp dotecta the prcaenco of about 1 p& 
cent. 
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But, os respects their introdaction thronghout the 
workings of a pit, the question is somewhat complex. 
It 18 apt to ho the case, that if one precautionary 
measure be fully installed, another is neglected, — that 
when safety lamps arc adopted for the entire operations 
of a mine, the ventilation is- no longer a subject of the 
same attention ; and unless there exist good local reason 
for it, it 18 obvious that the protection by wire gauze 
against present fire-damp is a less desirable kind of 
security than tliat of drowning the enemy in a fjill ven- 
tilating current, and sweeping him bodily away. Where 
the gas, however, is not merely given off continuously 
from the surfaces of freshly-cut coal, but bursts out 
from time to time in sadden blowers, the general use 
of safety lamps is imperative ; and on such occasions, 
when for a short time the best ventilated workings may 
be “ fouled,” or rendered explosive, tJic lives of all m 
the pit will depend on the proper condition of the 
lamps, and on tlie obedience to discipline of those men 
who arc interposed between the point of outburst and 
the exit to the surface. Similarly, in the workmg of 
pillars, where, with the movement of the ground, fire- 
damp may exude either from the roof or floor, or may 
be forced by a fall from the magazine in iihich it has 
been collecting, safety lamps are indispensable. It 
commonly occurs, that although such may bo the case 
in portions of a colliery, other parts, and especially the 
ordinary narrow work in whole coal, may be safely con- 
ducted witli open lights. Here it will bo necessary to 
fix on certain limits within which safety lamps alone 
aro to be employed, and to make it a stringent rule 
that no naked light be allowed to pass beyond a definite 
point m the roads. In Fig. 19 , the boids, on the north. 
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are worked with candles, the pillars, adjoining the goaf, 
with safety lamps ; a special door is fixed upon as the 
place, beyond which no open light is allowed tg be car- 
ried; and the course of the ventilating current, led 
backward and forward three times, as seen by the 
arrows m the figure, is so contrived as to guard against 
any communication of gas from the dangerous por- 
tions to the bords. 

In no department of mining is a strict discipline and 
attention to orders so momentous as m this, — the ques- 
tion of lighting. The tnisplaced confidence, which is 
the result cither of ignorance, of hardihood, or of long 
impunity, has led to the socnfico of thousands of colliers, 
the innocent often suffering with the guilty ; and among 
the most useful of the innovations of the governmental 
inspection is, that of giving authority to the code of 
rules to be cstalilishcd tor every pit, and thus of pro- 
tecting the majority of the men, the steadier workers, 
iigamst the few reckless ones, who, choosing to act 
for themselves, steal in secret the luxury of their pipe, 
or some extra light, at the risk of their own and their 
comrades’ bves. 


CHAPTER XVIL 

VKNTILATION. 

Ix needs no argument to impress on those who know 
the necessity of ventilating our public and private 
rooms, that it is in a high degree essential to take 
thought for the replacement of vitiated by fresh air,, in 
the low and often-complicated chambers of coal mines, 



■VBNTn.ATIOII. 


203 


where many men and horses arc engaged in hard work, 
and wheire numerous lights, with gunpowder smoke 
and dust, aid in contaminating tlio atmosphere. But, 
in the workings of a colliery, additional causes come 
into play ; a alow, yet constant change takes place m 
the surface of the substances exposed to the air, and 
the general result is, the absorption of oxygen ; a large 
amount of watery vapour requires removal ; the poison- 
ous gas, carbonic acid, is frequently given off; and, 
more commonly, tho insidious iire-damp, or carburetted 
hydrogen, exudes from the surfaces of the bared coal, 
nr sometimes bursts from it m violent jets. The amount 
of air required for the health and safety of the men 
will therefore vary much in different localities, according 
to these unequal conditions ; and whilst, in some cases, 
the slightest movement of air may suffice to keep a 
small colliery salubrions, m fiery coals worked over a 
largo urea an actual whirlwind must be forced through 
the principal passages iq^ order to sweep away the 
noxious exhalations. 

Notwithstanding the undoubted phenomena of the 
diffusion of gases, their intermingling in the chambers 
and drifts of mines is only partial, and the specific 
gravity of tho gaseous bodies is practically a very im- 
portant guide in testing their presence, and enabling 
them to be dealt with. Thus, carbonic acid (CO,), 
with a sjiccific gravity, as compared with air of 1 524, 
tends to occupy tho deeper parts of excavations, and 
renders it unsafe, when they have been disused, to 
enter them without precaution. Sulphuretted hydro- 
gen (US) here and there evolved continuously, very 
jioisouons, but readily dctccteil by its offensive smell, 
IS also slightly heavier than air ; carbonic oxide (CO), 
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most deadly, bat occurring rarely from natural causes, 
is 0*970. Pire'damp, or light enrburetted hydrogen 
the gnmt of the French miners, has a specific 
gravity of 0'5S5, and is therefore commonly found to 
flout along tho upper portion of levels, to escape of 
itself from vrorkings carried downhill, and to lodge in 
hollows or the higher ports of excavations. If mingled 
with air in the proportion of j\th to it may be 
detected by tlie “ cap ” on the flame of a candle or 
lamp. If m larger proportions, it becomes explosive, 
and 18 most violent when it fiirms -tth or pth of tiie 
mixture. Tho presence of carbonic acid greatly re- 
duces the explosive property. When there is as much 
as ^th of the gas, it burns without explosion, and a still 
/larger proportion causes sufiocution. In fiery scams it 
may be observed exuding from the freshly-broken sur- 
fiices with a hissing sound; and if in large quantity, 
as with blowers,” or sometimes near faults, with a 
rushing noise, like the s^m from a high-prcssure 
boiler. Under these last circumstances it will rise 
through a column many yards high of water, and 
numerous accidents have occurred tlirongh a forgetful- 
ness of this property. Some of these lilowcrs will bo 
exhausted in a few minutes, others will last for years, 
—like that at Wallsciid, which gave otf 120 feet of gas 
per minute — and may bo then piped off and burned at 
the pit bottom. The evolution of the gases from the 
coal IS greatly affected by the pressure of tlie atmo- 
sphere, a notably larger amount being emitted when 
the barometer is low; and hence that instrument 
becomes a useful adjunct m judging of the amount of 
ventilation needed at different times. ^ 

For the due ventilation of a colliery, it is therefore 
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not sufficient to supply air enough for tho breathing 
of men and horses and the burning of lights ; but we 
must provide for tho sweeping away of the products of 
breathing and combustion, for the removal of tlie 
gaseous results of blastmg and of the decomposition 
of vegetable and animal matter ; for the cooling of the 
excavations where the temperature is high partly from 
depth and portly from chemical change ; and, lastly, 
for the dilution of the gases exuding from the coal. 

In round numbers, 100 cubic feet of air pet minute 
may be required for tho health and comfort of eaeh 
person underground, or for 100 men 10,000 cubic feet ; 
but if fire-damp be given off— say at tho rate of 200 
cubic feet per minute — ^we sliould need at the very 
least thirty times that amount of fresh air to dilute it, 
or 6,000 cubic feet m addition. Increase the number 
of men and liability to gas, and 40,000 or 60,000 cubie 
feet of air may be indispensable for safety. Hence, we 
may point out once for all j|hat no system of pipes* can 
ventilate a mine, and that the large volumes of air re- 
quired must be mtroduced through the drifts or work- 
ings themselves. 

Tiic suhject now divides itself into two parts — first, 
the production of a current or “ draught ; ” secondly, 
the distribution through the workings of the current so 
produced. * 

A spontaneous ventilation is produced by natural 
^ causes, which may always greatly assist, and, m some 
cases, may be sufficient for all purposes. To account 
for this on the simplest prmciples, let us observe what 
happens in summer and in winter with a diagrammatic 
;porking connecting two shafts of different depths. 

The temperature of the rock is found, as we descend, 



206 


OOAI, AND CO.U.-MTN1XO. 


to incroase 1° Fahr. for aboat 60 feet of depth. Hence 
the air in workings of moderate depth will be in sum- 
mer cooler, and in winter warmer, than the air at the 
surface. And as air expands in warming — and we 
know by Mariotte’s law that the pressures of the gases 
are in an inverse ratio to their volumes — the colder 

column will press uixni 
and displace the warmer. 
If, then, we compare rlie 
two cases, we shall find 
that in summer (Fig. 40) 
the deep shaft a c com- 
pared with a column, b k, 
of equal height in ami 
above the shallower shaft 
will be the cooler and 
heavier of the two, and 
will establish a current 
111 the direction of the 
arrows. In winter tlie 
effect will be reversed, 
and the warmer air will 
be expelled from the to]> 
of the deeper shaft 
Bnt at certain seasons 
— and especially if tho 
shafts are not very dif- 
ferent in depth — there will be equilibrium between the 
two, or, in other words, the ventilation will be checked 
or cease. 

Under tliese circumstances wc may artificially in- 
crease the diflerence of temperature — winch is m fiujt 
the measure of the ventilating power— either by build- 
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ing a tower to lengthen the column of one of the shafts, 
or by lighting a fire in it for the purpose of expanding 
and lightening the nir. 

In early days it was usual to build a stack over the 
]nt, and to attach to it a furnace accessible at the sur- 
face through doors ; and m small pits, either this mode, 
or that of susjiciiding a iire-lainp in the shaft, may 
])erforni useful service ; but if a really large volume of 
air be required, wc must heat the full hciglit of the 
coluinii 111 the upcast shaft, and by good bnck lining, 
and prevention of the dropping, of water, obtain a 
maximum effect in the greatest possible difference of 
temperature between the upcast and downcast shafts. 
Under favourable circumstances, spontaneous ventila- 
tion may be made to pass many thousands of cubic feet 
of air per minute through a colliery; but where the 
pits are deep and m good order, the quantity may be 
enoraioiisly increased by the application of a furnace at 
the bottom, or, if it be needed, by two, or even three, 
ventilating fires playing into the same shaft. For this 
purpose a furnace is usually placed in the plane of the 
scam, from 5 to 10 feet m width, and with fire-bars 
about 6 feet in length ; the arch is built in fire-brick, 
and well isolated from the coal, the height above the 
bars being 3 to 5 feet, and below them 3 to 4 feet 

From the furnace to the shaft a gently-incIincd 
passage — the furnace drift — ^leads the flame and heated 
air upwards , whilst if the return air be apt to hofoul, 
it may bo led through a higher passage — the damh 
dri/t^vaio the shaft at such a height above the mouth 
of the furnace di ift ns to secure tho gas from firing, 
a^d the furnace will then be fed either with a safe 
portion of the returns, or with a “scale” (a small 
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current) of frcsih air from the downcast shaft. For 
perfect combustion, the cool should bo thrown on fre- 
quently, and should form a thin fire; and thus on 
average temperature of 140^ to 160° Fohr. may be ob- 



Fip; 41 yentiliiting fuinuco, in longitiiilinnl njiil Lfusa M^rUun Scnle* J-mdi to 1 foot 

tamed in the npraat shaft, which, if wc take an average 
of 60° in the downcast, will give a difiference of OO"^ or 
80® Fahr., on which the ventilating power may bo 
calculated. 

The quantity of small coal consumed in such furnaces 
vanes from 2 to 5 tons ]>er twenty-four hours ; and 
the volume of air passed — which may he fnnn 1 .5,000 
to 150,000 cubic feet per minute — depends in a great 
measure on the diminution of the resistance olfered by 
friction in the workings. 

In order to obviate some of the short-comings of the 
common furnace, such as the difficulty of increasing its 
power when circumstances demand it, and the inter- 
ruption of its work caused by cleaning, new furnaces 
have been erected at Hetton, at the suggestion of the 
late Mr. WaleB, which ore 26 feet in length, so as to 
allow either the shifting of the place of the fire, or its 
increase ; whilst by a series of doors, the admission of 
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llie air may be regulated according to conditions, either 
aliove or below the fire-bars. Tlie enormous volnnius of 
air actnally circulated by these means, and the facility 
and certainty of its action, have obtained fur the 
lurnarc a decided preference in all our deep British pits. 

A vast number of mcchtuiical contrivances have been 
employed m mines sometimes for forcing m air, but 
more commonly for drawuig it out from the workings, 
and thus establishing a constant current. It would 
need a volume fairly to describe them, and we can here 
only glance at a few of those which have been most 
laigcly applied in practice. 

The WATKRFALL, formed by turning a special stream 
into the downcast sliaft, or by allowing the pump- 
cistcms to run over, is a useful au\iliary, especially 
for driving in air after an accident. 

Tlie ATR-jPUMP — employed at a very early period in 
tho mines of the tiartz — ^has been, on a magnified 
scale, lulopted at many collieries, cspeciallj' m Bel- 
gium. It has generally had pistons working m cylin- 
ders of from 6 to 10 feet in diameter, placed some- 
times vertically, sometimes honzontally. The valves 
have had to bo complicated from being Ytny nume- 
rous, and from being fitted with eountorbahiuccs, 
iittiiclied by light levers, iii older to diminish the 
resistance. A great diminution iii friction lins been 
obtained by making the })iston iii the form of a 
gasometer, plunging with its sides m a ring of water. 
Tins latter plan has been carried out on tlie largest 
scale ill Mr. Struve’s ventilator, now woiking at many 
colliciies 111 Soiitli Wales. IIis lustoii is a close-topped 
wrought-iron bell, of 12 to 22 iect m diameter, work- 
ing up and down in water ; and by means of ranges of 

p 
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valves above it and below, placed in the walls of the 
piston-chambcr — drawing in, and forcing ont, air at 
each up and each down stroke. The action will readily 
be seen from the adjoining figure, in which the piston 
is making its doivn stroke. Tliese machines arc usually 
composed of two such pumps, worked by a ‘ steam- 
engine, and are capable of givmg a theoretical amount 



Fig 13 Stiuvv’a wntiMOT Scale, ]-inch to 10 feet 


of 20,000 to 100,000 cubicfeet of air per minntp. Their 
cost IB about £200 per calculated 10,000 cubic feet. 
Horizontally-working pistons in prismatic chambers 
were erected in 1828 by M. Brisco, near Charleroi, and 
on a larger scale by M Mahnnx in 1801. One applied 
to the collieiy of Monceaii Fontaine, by Scohy, in 1801, 
was capable of extracting 45,000 cubic feet per minute. 
These arc all greatly exceeded by Nixon’s ventilator. 
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now working at the Navigation Pit, near Ahordarc. 
Its sheet-iron pistons — 30 feet by 22 feet, or no less 
than 660 feet area each — are supported on wheels 
traversing on rails a stroke of 7 feet The chambers 
arc fitted, os in Struve’s machine, with flap valves 
16 inches by 24 mehes, and 672 m number. At nine 



43 Kixon'a Tentilator, Abenlnre Scale, f-uch to 10 feet 


strokes per minute, the theoretical quantity of air ex- 
peUid would be 166,000 cubic feet per minute ; but a 
large reduction has to be allowed for leakage. 

Fans — Tliese instruments, with straight radial vanes, 
were abundantly used in the German mines in Agn- 
uila’s time, about 11550. Similar machines on a larger 
scale, 8 to 22 feet in diameter, vertical or horizontal, 
have been applied at scvcml collieries , but from their 
leakage, and the considerable velocity needed, have not 
given very good results. 

, M. Gnibal, of Belgium, has, within the last five 
years, devised and erected several examples of an im- 

p 2 
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proved fan of from 20 to 28 feet in diameter, and 6 to 
10 feet wide. The figure shows its form and tlie great 
improvement of casing it in, and providing a slido 
valve to a part of the easmg to meet the varying con- 
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ditions of a mine. Tlie stack, expanding outwards, is 
stated to counteract to a great extent the loss due to 
the high velocity given to the air by the vanes ; and 
experiments made on the machines erected at Bully- 
Gmuay, near B6thane, and Montceaa-Fontainc, near 
Cliarlcroi, have shown a useful effect of 30 to 50 per 
cunt from the steam lu the cylinder, and 60 to 70 per 
cent of the force transmitted to the axle.* « 

* Sovend Guibul fimo uro now at work nour Nowcastlu (ISGG) 
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M. Lcmielle lias dcTisod a very ingenious vcntiliitur, 
now at work in many Bclguin and French pits, uml at 
Ashton Vale, near Bristol, where it has acted satis- 
huitonly for above ten years with very little necessity 
for repairs. Within a large cylinder of brick, wood, or 
bhcot-iron, a smaller drum is placed excentrically, and 



made to revolve. On the surface of this drum arc two 
or more valves or shutters, which, by means of iron 
rods moving freely round an elbowed axis in the centre 
of the large cyiinder, he close to the drum in one part 
of the revolution, and open out in another. The section 
shows by tJie arrows how the air will thus be exjielled 
by Hk' shutters as they appro.ich tlie point of cutlet. 

F.diry’s iiiachine is unotlicr — on the f.in principle — > 
much approved on tlic Continent. Two axes, each 
fitted with three very brood blades (6 to 10 feet), 
revolve m opjiosite directions, and each blade is formed 
yith a cross arm, so curved as to give close contact 
during revolution, and thus prevent communication 
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from witiiin to the external air. Ahove half of the 
circnmfcrcnco of theso fans fits closely within a casing 
of brick or wood, and the fonl air, when the machine is 
employed for exhaustion, is taken by the blades on 
approaching the lower part of their cu*cle of revolution, 
IS earned on each side outward, and ejected on passing 
tlic upper limit of tlie curved casing. The modcrato 
velocity at which it may be driven, and its dumbility, 
have obtained this machine a good name. 

Littlc.morc than a doxen years litive elapsed sitir'c a 
vigorous attempt was mode, under the impulse of a 
most injudicions parliamentary committee, to substitute 
fbr the furnace the mechanical action of steain jets. 
The subject was elaborately tested in practice by Messrs. 
T. E. Forster, IJ^icholas Wood, and otlicrs, and it was 
clearly shoivn that hiph-pressure steam, generated 
either at surfivcc or underground, and allowed to esenpe 
trom a scries of small jots — say thirty to forty in uuin> 
her, and from y^th to ^th of an inch in diameter — ^was 
capable of domg good service, especially as an auxiliary 
at times of accident ; but was utterly unable to coinpeto 
in economy with the furnace 

In selecting our ventilating power, it must be remem- 
bered that the great object is to obtain a largo volniric 
of air at moderate velocity, and that on this ocroniit 
most of the simple fans, and certain other classes of 
machine which have to force the air through insuflicicnt 
valve room, give it an unnecessary velocity, winch, in 
other words, means increased resistance, or diminished 
ventilation. 

Fnrthermoro, that whilst the furnace exerts its fullest 
advantages m deep and dry upcasts, to which the air 
travels through roomy windways, the mechanical ven- 
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tilators may be most properly applied at pits where 
these conditions are reversed. 

Let ns now consider the distribution of the air 
through the woikings, remembering that without due 
attention to its details we may have a storm of vcii- 
1 dating wind in the shafts, and yet a deadly stagnatiun 
in the interior; or one portion of the pit safe and whole- 
some, another foul, and verging on explosion. 

First of all, the means of cairymg the air current up 
to or near the place where the men arc employed, con- 
sists in cutting a drift or windway across fruiii one 
working spot to another, and as we 
advance, closing the old openings 
by doors, or stoppings, so as to force 
the air through tlie required pas- 
sage only. To take a simple ease : 

Fig. 46 represents a pair of levels 
driven a short way out from a shaft 
divided by brattice into v and u, 
the downcast and upcast jMirtions. 

The jiillar between the levels is 
holed through by a “thirl” at A, 
when the drift-ends are advanced 
but little beyond that point. Sub- 
sequently, when B has been thirled, 
a stopping is put into a either by 
brick and inoitar, or stowed rub- 
lush, or both; and siniilaily when 
(' has been opened, n will be closed. 

If, however, a thoroughfare for the 
men be requiied, so that a stopping is iii<ulmiS8ible, a 
door, or — where tlic ventilation is important — ^two 
doors, or even three, are put ii^i, so far apart tliat a 
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horse and trams can pass the one and have it dosed 
after them before the second is opened. Thns, loss 
of air IS avoided, and the tendency of the current to 
take the shortest tray to the ujicaBt is checked. In- 
deed, a watchful eye most always be kept on the in- 
take current n o, which constantly presses upon the 
harriers which divide it from the retmn b u, and leaks 
through all available openings, to the diminution of 
'the ventilation in the mner workings. Doors and 
stoppages, therefore, require constant attention, or by 
a tnflmg leakage at each of tlicm, a ventilating cm rent 
powerful enough at the beginning of its run, may lose 
all its force ere it reaches at half a mile or a mile or two 
distance, the locality where it is really ucuilcd. If, 
meanwhile, the coal should ho so fieiy as to render it 
dangerous to proceed above four or five yards without 
extra precaution, Irattumf is employed ns a tempornry 
measure until the next thirl is holed. Thus, supposing 
in the Fig. 46 the cud K alone is dangerous, a raugc of 
upright posts 18 erected between roof and Hoor, from 
the side of the pillar n c to within a short distance of 
the face at £, and brattice boards iiru nailed to them, 
dividing the level into two ptirls, and making tho 
current travel as represented by the an own * A liglit 
door 18 generally added for the passage of the men or 
horses and trams. These features are shown in tlio 
section of the working of a 7-foot seam, Fig 47, where 
the air passes up close to the man on the left, and then 
turns behind tlic brattice. 

A single current may tlins he carried to tlie various 
working places, and brought bock to the same or to 

* For iempomy purpowa a uiofnl liiatlice-c/vlA is largely inanui 
lactnreil ty Mr Doniy Luver, of Boltoa. 
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uiiothcr shaft ; wliilst if the power be great, tlie air- 
ways roomy, and the doots and stoppings in good order, 
it will he maintained for a length of seycral miles 
without serious loss. If the form of the works be such 
as that shown in Fig. 21, as a variety ol “ long-wall,” 
a stream of air starting each way from the downcast 
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shaft will simply and eft'ectually ventilate the mine. 
Hut the same method, generally applied os it used to 
be, years ago, to more cumidicatcd workings, is highly 
objectionable ; it would leave the mass of the openings 
inside of the working “ bords ” dead or stagnant ; it 
would needlessly curry fire-damp fiom dangerous to 
othciwise safe places, and the body of air which m 
the morning went down into the pit fresh and puie 
would take tdl night to drag itself along some twenty 
01 thirty miles of drift, and ivoidd visit all its later 
scenes of work overhoatofl, clogged with dust and 
hiiiol o, and laden with impurities. 

Spcddiiig, abiut 1700, intioduced the counnn^ 
the air by twos or threes through the whole of the 
ojH'iied pass.iges, and soon afterwards all the chief 
iiortherii viewers recognised the importance of shorten- 
ing the luiis, and obtaiiiing larger volumes. For this 
it would bo needful either to have more shafts, and 
woik, as it were, several separate mines, or — what is 
iiioio suiUble when the shafts arc ample cnongli — to 
split Uw air. This latter plan, by which a number of 
se 2 Miratc currents arc obtained, is perhaps the greatest 



in 



COAL AND COAT^-MINISG. 


218 

improvement effected in the airing of pits, and when 
combined with the division of the area mto panels or 
districts, has the advantage of confining danger, or the 
results of accident, within narrow limits. Take tlie case 
of a colliery having 12-feet shafts, and air- ways of 4 feet 
by 5 feet, or 20 feet area ; the shaft having 113 feet area 
will be fully adequate to pass tlie air required, not for 
one or two such air-ways, but for at least five Each 
may then ventilate a different district, and they may 
be broqght together again either at the upcast shaft, or 
into certain roomy return air-ways apjiroafhing it. As 
we increase the area or number or power of the shafts, 
BO the number of the splits may be increiiscd, and since 
the resistiiricc vanes directly with the length of tho 
road whicli the air current has to travel, and inversely 
os the sectional area of the passago, it is manifest that 
if tlic rutis arc shortened, and the air-ways increased in 
size, the same ventilating power will pass ii larger 
volume of am Reference to Fig. 19 will show tins 
arrangement in a portion of the woiking of a large 
colliery. Rut the balancing of tliese splits requires nice 
management, or the air would tend to desert the longer 
for the shorter runs, and whore inei|iiahtiC8 in the 
length exist, it is necessary to put in regiilatois, winch, 
checking the entry of the air into the shorter, may 
force it inlo the longer runs. It is upon such pniicqiles 
that some of tho northern collieries succeed in jmssing 
tliiough tlieir workings the enormous voluiiiea of from 
150,000 to 300,000 cubic feet per minute. 

When the workings assume this complicated form, 
the number of doors to be tended by trap^ieis is never- 
theless greatly diminished ; but frequent trmtunjx h.ive 
to he nude 'vhcre one air-current is carried across the 
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contBC of another (see Fig. 19, c). Thus, the “ returns ” 
arc generally made to mount over tho intake drifts, and 
are divided from them either by timber or brick arch- 
ing, or boiler-plate (as at Kirklcss Hall), or occasionally 
— for extra security — by lieing carried up to some 
height in the solid measures, so as, m the event of 
explosion, to prevent the risk of one passage being 
blown open mto the other. 
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It is observable that in the more serious accidents 
from explosion a great majority of the sufferers lose 
tlicir lives, not from the actual violence nr fire of the 
blast, but from suHbcation by the deadly after-damp 
consisting of the products of combustion. Most fear- 
ful IS this when dependence lias been placed on a 
biatticcd shaft, the brattice is shattered, and the air 
passing down one portion and up the other, leaves the 
workings tkwf or without air, and the poor fellows who 
may have escajied the force of the nctn.il e\])losion f.ill 
\ i( tuns to suffocation. But independently of bratticed 
shafts, the same evil occurs in a modiiied foiiii in eiery 
collioiy, and due attention has very itwely been shown 
to so hijing out the works, that in case of a blast suf- 
ficiently heavy to blow out the doors and shake down 
the lighter class of stoppings, there in.iy still remain 
between the downcast and upcast hliafls a sufficiently 
long course of unbroken air-curreiit to afford a better 
cliiiuce of escape to the colliers, who can llee thus far 
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from their working places. In Fig. 46 (p. 216), it may 
be seen how, if flic stopping at a or flic doors at n are 
blown out by explosion, the air would take that shorter 
course, and the mncr workings be laid dead ; and an 
examination of Fig. 19 will show the same result more 
forcibly. Tlie further the two important shafts can bo 
separate!^ the longer will bo such independent air- 
course to which the men may esfape. An upcast pit 
* to the rise may often come in usefully in this way ; but 
no general rule can be laid down, because a shaft so 
situate may often be so much shallower than the other 
08 to form a less efficient furnace-shuft ; and in cases 
of this kind — if the depth of the rise pit be too small 
for good ventilation by this means — it becomes a 
question whothoc a mechanical method would not bo 
preferable. 

The quantity of air which passes is measured by 
taking the sectional area of a drift, and multijilying it 
by the velocity in feet per miiiutc, to obtiiiii the 
number of cubic feet circulating in that time. The 
velocity 18 obtained either by observing the into at 
which a puff of powder or tobacco smoke travels along 
a measured distance, or by an anemometer. The 
instrument most frequently used in collierios is that of 
Biram, made in tivo sixes, 6 inches and 12 niches 
diameter, by Davis, of Derby, which by wheel work .iiid 
index hands registers the number of feet of air in tons, 
hundreds, and thousands, which have ])as.scd through 
it m a given time. M. Combes, and mtliin the last 
year, Mr. Casella, of Hatton Garden, have devised for 
this purpose a smaller and more delicate instruniuiit, 
depending for its results, Iiko the former, on the revoly- 
tiou of a wheel fitted with light vanes. 
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In order to teat the difTcrent densities of the currents 
on opposite sides of a brattice, a door, or stopping, a 
manometer or water-gauge is employed. This, although 
it gives no criterion of the amount of ventilation, is 
very useful for comparisons, as giving a measure of the 
resistances, or of what is technically called the drag of 
the mine, and distinctly pointing out any unusual 
obstruction such as mav be caused by a fall of roof in 
the air-ways. 

The above brief sketch, although not pretending to 
go into the details of exceptional circumstances, may, 
I trust, be sufficient m a general way to set forth the 
principles and practice upon which the ventilation of 
our larger collierie.s has licen brought into so high a 
position of effectiveness by the skill and perseveraneo 
of the leading coal-viewers. 


ClIAPTEB XVIII. 

COLLIERY ACCIDENTS AND THEIR TREVESTION. 

The nichinelioly fact that fiom 5)00 to 1,100 persons are 
e\ciyye.ir killed in our British coal mines, forcibly 
attracts attention to the inquiry, ^\h.it jirojiortion of 
these nuiiicrous accidents are due to prevent ible ciui‘<es, 
and how far a iiai t of tliein are mscpanible from the 
dangerous nature of the collier’s occniiation When a 
catastrophe of uunsual magnitude occurs, public feeling 
18 aroused, ncwsjiapci articles are written, and parlia- 
mentary inipiiricR are set on foot ; but the majority of 
tly accidents arc little noticcil, except in the iniiuediate 
MCinity, and they take place at points so remote and 
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SO Widely distributed, as to sliow that the mtun diffi- 
culty in dealing with them rests in the necessity of 
keeping np an unceasing watchfulness among many 
thousands of men, workmen an well as managers. 

It has resulted chiefly from the excitement caused 
by the more destructive explosions, that several 
volumes have been published, filled with important 
evidence given before Committees of the Lords and 
Commons in 1835, 1848, 1862, and 1854. Further- 
more, sjince the Mine Inspection Act in 1850, and the 
appointment of inspectors under the Home Office, now 
twelve in number, a vast amount of valuable informa- 
tion IS afforded in their published reports, especially m 
the analysis of the chief accidents which have taken 
place in the )'car. By this means not only are pnncijilcs 
and details of practice laid down and confirnicd, but 
many of what may be termed nrculcnts from unfim'sccn 
causes, arc so set liclore us, that a diligent study of their 
descriptions ought year by year to diminish their occur- 
rence. It IB Houietinics objected to the Govcriiinont 
inspection that the number of casualties is not dimin- 
ished; but it should be borne in mind that the quantity 
of coal iiiinually extracted has been so largely on the 
mcreaso that, if with a nearly doubled production, anil 
of course with a much greater number of liiinds, tlie 
sum total of deaths has not increased, the rciiilts of 
the system cannot but be cousiflcreil us sui'cessful. 

The careful perusal of these documents is strongly 
recommended to all who are interested m colliery ope- 
rations, and from their detailed explanations it will bo 
seen that not a year passes without accidents arising 
from an mfractioii, willul or accidental, of rules whicli 
have been laid down as being generally applicable. 
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The following are the GcDcml Rules which it is the 
duty of the mspeetors to obtain compliance with : — 

1 An iidcquato amount of ventilation nholl be eonatantly produenl 
in all u'il mines or collicnoa, and ironstone mines, to dilute and 
render hiitmless noxious gosos to such an extent that the working 
plocos of the pita, lovcls, and workings of every such colliery and 
mine, and tho travoUmg muds to and from such working places shall, 
under ordinary circumstances, be in a fit state for working and passing 
therein 

2 All entrances to any pbteo not in actual course of working and* 
extension, and suspected to contain dangerous gas of any kind, shall 
be projierly fenced off so as to pruvent access thereto • 

3 Whenever safety lamps are reqiiin'd to be used, they shall be 
first oxammed and securely locked by a person or persons dnly antho- 
nsod for this purpose 

4 Every sh i(t or pit which is out of use, or used only as an air-pit, 
shaU be securely fenced. 

6 Every working and pumping pit or shaft shall be properly fenced 
when operations shall havo ceased or been suspended 

0 Every workuig or pumping pit or shaft, where the natural strata, 
under urdiiiur> circumstances, ore nut safe, shall be sacuroly cased or 
lined, or otherwise made secure 

7 Every working pit or shaft shall be provided with some proper 
means of communicating distinct and dufimto signals from the bottom 
of tho shaft to tho surtace, and from tho surface to tho bottom of the 
shaft 

8 All nnderg^und self-acting and engine planes on which jienons 
tnivel aro to bo provided aith some proper means ot signalling 
bitaeuii tho stoppiug-pbicuH and the ends of the planes, and with 
suQiciciit places of rctngu at the sides of such planes at intervals of not 
niuro than taeiity yards 

9 A siithciuiit cover uvcrhc.id shall he used when lowering or 
raising persons in overy wuikmg pit or shaft whini required by the 
insi» rtors 

lU No siiigli -linked chain shall bo used fur lowering or raising 
persuiis ill uii) woikiiig pit or shaft, except tho shurt coupling cham 
ulttuliisl to the ciigo or loud 

11 Flanges or horns ot snflicient length or diameter shall ho 
attiched to tho drum ot every muchmo used lor lowering or raising 
pi muus 

12 A piopur indicator, to show the position of the load in tho pit 
• off shaft, and also an adequate break, shall be attiched to ovcij 
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mnchmo, workod by itoam or water power, usoil for lowonng or niis- 
ing persons 

13 l<iToiy steam boiler shall bo providod with a proper steam 
water gauge, and safety voire 

14 ^0 fly-wheel of every engine diall be soeiirely fenrod 

15 Su&ciont bore-holes shall bo kept m advanee, and, if noeoss iry, 
on both sides, to prevent mnndations m every working approaching a 
place likely to confaun a dangerous accumnlation of water 

In addition to the aboTO general rules, the Miowing 
regulations arc provided : — 

That no boy under 12 years of Ago be employed m mines, wi'h the 
exception a>f bojs between 10 and 12 who have icrtiflcales ns to cdit- 
cition and school attendnnre, and that a penalty of not more than £10, 
nor loss than £S, be iiiflntcd for every false rertiflcuto 
That steam engines in ccitain cases are not to bo under thn rh irgc 
of persons under 18 years ot age 

That the Seerutary of SUte Imve ])owur to appoint inspoetora of 
mines, but that no land agent, or lumiugei of mines, be allowed to ai t 
us inspeetor 

That tho uispoctor have power to msiioct tho diflerent ports of tlie 
mine nt all nvisonablo hours 

Tliat ownoTS of imncs prudiicc maps or plans of mines to insiM>rt»r , 
and, if owners do nut preduec maps, &e , the inspector nia> tin ii 
require them to be made 

That nutico of ueeidonis in mini sbe given, witbiii tai iit} -fmii liuiirs 
after occurring, to tho Soerotary of State, under a pemilt} of IIU 
That eveiy coronor holiling an inquest u)iuu the bodv, give iiutiie 
te tho inspector ot the disliict in wliiih siieti aeeident li.i]i]ieiied, no 
that he may attend and nateli the pmeeialings 
That notice be given to the inspu’tor when any mini is ah indoiii d 
or when a new working has eoiniiieneed 
That owners or iigi-nts of rolhenes who mij iicgleit to piuMiIi 
genorul or spceiol rules, or violate any of tho speeua iiiIih, shall ho 
subject te a lino not exceeding £6, or luipnsuiiod, with or without 
hard labour, for a period not exceeding tlirec udendar months 
That ovi ry jiorBon obstructing the inspei tor in the oxcciitiun of his 
duty ho liable to a peniUty not exceeding £111 
That any person dotucing nobces, jle , bo liable to a fine of 40» , 
certified copies of special nilus to bo evidence 
That it be the duty of evciy iiispei tor to m,iku a rcjiurt of Ins jini- 
ccediiigsdiuing the preceding year, on or before tho first duy of M.irth 
in every year, and transmit tho same to one of bur Majesity's pniieij il . 
bocretaiies of State. 



COLLlEllY ACCinENTS AND 'rHHR PKEVENIIOY. 225 


That wages ho paid to persons nmploj'cd in mines, or their n presen - 
tativcB, m muncy, and tliat, when {i-iymont of persons employ ed in 
nunoB IB by weight, &c , an account bo kept 

Tlio various districts are more or less subject to dif- 
ferent kinds of accidents acconling to the nature of the 
coal and its roof and floor, the method of working it, 
and the general intelligence of the managers and men ; 
and thus whilst certain tracts are found to sacrifice on 
the average one life for everj' 00,000 tons of coal raised, 
others more favoured in some of the above conditions, 
lose only one for 1 .*)0,000 or even 188,000 toiiS. 

The folloiMiig table, taken fiom the Official Reports, 
will sliow the number of deaths fiom different causes 
in the collieries of the sercial districts of the twelve 
ins]icctor8 lor the year 1804, with the gratifj iiig fact, 
in the absence of groat explosions, of a dccieaso from 
the iiumhiTb for 1803 and former years. 
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Let as paas to a review of the more prolific sources 
of accident : — 

1. FaUs of roof — These arc occasioned especially in 
high scams, by the removal of the upper portions of 
the coal, more particularly when the whole Ihiekness, 
ns for the most part in South Stiiffordshirc, is taken nt 
one working. In other cases tlicy arise fioiii cai'elcss 
holing or undercutting, without due attention to sjiriigs 
or props, or from the sudden detaching of bidl-moiilds, 
or lumps of ironstone, or masses of shale from the 
roof. In general these falls can only he guarded 
against hy limiting the si/e of the excavations, ami 
setting timber iii sufiicient quantity uiid in the mo^t 
judicious nnmiiei. When the oidiimry colliers are not 
practised or apt at this work, it is important that it 
should be earned out by duly qualified deputies. In 
some parts of the uountiy an iinfortiiiiiite s\st(‘iii })ie- 
viuls of employ lug or contnictois, who, intent 

on getting the coul ut a certain price, are ])ioiic to 
neglect the precautions which cost money, and wliiili 
thus diminish their profits In the loiig-wall W'ork- 
nigs, wliere the fall uf the roof has foi a stiiingei a 
most threatening appearance, nogs ami pack-walls as 
well as single puncli-piops aid in giving the men 
security, but when the roof is treacherous, hourly 
caution needs to be exercised by the managers ami 
supervisors; and whilst in some cases the piemature 
removal of props may bo dangerous, iii others the 
omission to remove some of tlioni will cause an 
irregular fracture often attended with serious results. 
Whatever the method of work, let tlieie be no lack of 
prop-wood; and to prevent neglect caused hy tlio 
colliers’ grudging the time which would have to Be* 
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ilevoted to it, let such wood bo cut for them m proper 
Icngtlia, and carried near to tbeir places of work. It 
IS no less lamentable to note the great loss of life from 
siipincncss and blind confidence with respect to the 
roof, than it is wonderful to seo what may be done, for 
a limited time, by a few well-set sticks of timber m 
tlio midst of crush and pressure that appear over- 
whelming. 

2. Explosions of fire-damp. — According to the 
abuiidaticc of gas, the form of the excavations, and the 
efficiency of the ventilation, explosions may bo cither 
quite harmless, or may injure only one man or a few 
men in a single locality, or m tho worse cases may 
flash forth with such lightning speed and fury as to 
leave not a man alive. 

Certain coals, for example, arc so fiery that when 
tho air-current is brisk enough to render tho experiment 
safe, you may with your candle, every now and then, 
sot the giiH alight on the freshly cut surface, and it will 
flash and flicker away for a few inches or feet m 
length. Hut woe betide the experimenter if there be 
any roof-c.ivity or uiiventiliited corner near, in which a 
quantity of the explosive “ damp” may have nccurau- 
latcd. If only there be plenty of air, such a bold or 
end may often be safely worked with candles, but the 
men should be provideil with a wot cloth with which 
they may dash out the fire ; and at the famous AValls- 
eiid pits small cannon have been used w ith advantage 
for extinguishing the flame by concussion, m case of 
its catching at the oiicn lights and being more serious 
than ordinary. Tho safcty-liunp is, however, now 
poiumonly used under such circumstances; and yet 
even with this safeguard, when for economy’s sake the 

(t 2 



228 


COM. ANT) COM-MTNING. 


coal is got by blasting, there is great risk of a flame 
being lighted which may communicate with other 
places or set fire to the coal. Presence of mind — a 
virtue often wanting — may in the outset extinguish a 
flash of this kind, which if not instantly combated 
may soon become very serious. A fire produced m 
this manner, or by the spontaneous combustion which 
sinses m the small coal of certain scams, in a short 
time produces such a smoke and “ stythc ” that it can 
only be approached on the windward side, and fre- 
quently makes it needful to retire to some distance 
and bar off or isolate the district. In such cases dam- 
doors, the frames of which have been prepared before- 
hand at siiitiiblc spots in the main drifts, may perform 
excellent servicj. Perliaps these arc nowhere seen to 
greater advantage or n.ore practically useful than in 
the great iiuder-sca collieries of Whitehaven, whore 
the Earl of Lonsdale has judiciously had thchntels, &c , 
of dam-doors prepareil m the stone drifts between 
faulted distiicts of co.il.* 

In tlie lost chajitcr we have treated of the methods 
of ventilation m practice where due attention is p.iid 
to that vital subject ; but we have here two (jiiestioiis 
to answer, viz., why is it, that with so many examples 
of what can be well done, a large part of our collieries 
should be in a condition far from satisf.u;tory ? and 
how does it come to pass that every now and then a 
hecatomb of victims has licen sacrificed in a pit su])- 
jjosed to be a model of efficiency ? To these we may 
reply; 1st, that thoughtlessness and ojiposition to 

^ opportunity of sonng how promptly 

cffieimt damd were thiu put in to isolate thu workin({a of th« new. ot 
orsttr s diblnet, whew tho gua liad,firod in iho dip drifts. 
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discipline among the men, and ignorance of principles 
and of good practice, with parsiiuouiousTiess, among 
the masters and managers, are far too common , and 
2ndly, that the sources of accident aie so numerous, 
and often so obscure that no amount of prcraution 
can be expected to obtain pcifect security. Though 
neither men nor owners arc open to the sweeping 
charges of recklessness often brought agiiiiist them, 
we must expect, as long as we hnd so commonry 
among the pits’ company cureless, unsteady, or over- 
daiing rulc-bieakcrSj and collieries managed by a 
shopkeeper or joiner, or half-educated young “ gentle- 
man,” a nephew of tlie owner, that accidents will 
occur, which would be certainly preventible under 
better auspices 

My otvn exiieriericc on this latter head, obtained 
from close inquiry for the Government into the causes 
of several heavy explosions, before the system of 
inspection was commenccHl, and from frequent x isits to 
cullici ics in most of our districts, is strongly confirmed 
l)j I lie often-repeated statements of the luspectois, that 
a great niuouiit of good would be eiiected by local 
schools luiviiig a technical aim. And yet, strange to 
say, .although il is a subject involving the hc.ilth and 
lile of 300,000 persons directly employed m our coal 
mines, no approach has been made, except at Bristol, 
AV igan, and an abortive attempt at Glasgow, to supply 
that kind of suitable knowledge on mechanics, the 
nature of gases, Jic , which, if it cannot be extended to 
the mass of the colliers, is at all events so desirable for 
the overmen mid tliciv deputies. 

Tn wbiit c'oncorns the ventilation, a dangerous state 
of the mine may arise us follows ; — 



230 COAL AND OOAL-MTNING. 

1. Absence or deficiency of ventilating power in the 
shafts. 

2 . Injudicious plan of workings, or inattention to 
doors, stoppings, size of air-courses, Ac., whereby an 
abundniit current at the shafts is lost before it gets to 
the faces of work. 

3. The insecure position of goafs, or wastes, or even 
small lodgments for gas, with reference to the air- 
durrents which have to travel past men who arc using 
open ligljts. 

4. The absence of sufficient bratticing in the bords 
or drift ends. 

5. Dependence on too many doors. 

6. The oecnrronce of falls m the air-ways or working 
drifts. 

7. The interruption of the ventilating current, by 
repairs in the shaft, by drawing water, or by the 
furnace or wmd-inachine going wrong. 

8. A sudden change of weatlier, especially a turn of 
wind to the south-west, witli lower barometer and higher 
temperature. 

9. The emission of gas by blowers, or by bursting in 
from roof or floor, m such quantity us to ovei power the 
ventilation. 

In this latter case the use of safety-lamps can alone 
give security, and since their introduction brings into 
plsy a new set of conditions, it is imperatively needful 
to draw up special rules regarding them, and m the 
interest of the owners and tho bulk of the men to visit 
severely all tlie infringements of regulations which close 
surveillance can detect. 

We cannot do better, in onlcr to show what are the 
requirements in connection with the use of safety lamiis) 
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than quote the Special Rules as laid down fur the ex- 
tensive colliery of Seaton Delavul, under the able 
management of Mr. T. E. Forster. 

1 In uvery iiart of the fund collier}, whero tho pillar working or 
hroken ji in oih ration, atitions will be fixed upon hy the newer, n hire 
each workman's safety lump will he exuiiiiiiiil and socnri'ly locked 

From thoHQ stutiuiis no workman is to bike ii safety lump tor uie m 
tho pillar ivorkiiig or broken, aithoiit its having been cxuinin(.d and 
securely locked by the overmun, inspector, or deput} 

'X'he overman and iiispi ctor to liave full po« tr to direct the workiiidK 
how to use thuir safety lamps during the time of working , and it is 
]iartieuhirly enjoined that every workman strictl} iitUifd to such 
dircetuiiis No limp to he iiwd on which there is not u tin shield 
N one blit tho ovennun, or similar officer in uuthorit} , to bo allowed to 
i.irry a lamp key 

2 fahould aiiv lucidf nt happen to a lamp whilst m use, by which 
the oil IS spilt upon the gnii/e, or it Im in aii> other wiij rindtrcd 
unsafe, the light to ho immediately extinguished bj drawing the wick 
down within tho tube with the pneker, such lamp to be diruLtlj taken 
out to tho station where the lumps urc examined, and not to be again 
iiscil until nltir huviiig been properlj examined by tho overman, or 
other rcsponsihlp jicrsoii, on the in-bye side of which station towards 
the broken woi kings, no candles are to be taken 

.) blioiild iinj workman using a safety lamp detect, by the usual 
iiidic itiims, (he ippearance or prc'icnco ot iiro-duiiip, he is lust to pull 
down tho w ick w ith the pricker, as bcfon'-mentiunud, and then to 
retreat to tlio lamp station and give uiloniiation ul the s.iine to the 
iicsirost rcsjioiisihlu ]ii ison, itbi ing stnctlj torbidden for any workman 
to eontiiiup to work in a plaeevwherc such mdications have been ob- 
served hj him , and should the tlumo contmue in the interior of the 
lamp after tho wick has been drawn down, tho lamp then to bo 
cautiously reiiuivcd, and no iiUumpt whatever to extinguish the tlaiuc 
by aiij other means to ho adopted by tho workman 

4 Fverv hewer, putter, or other porsuii, to whoui a salety lump is 
iiiti listed, IS hoi-ch) strictl} pruluhitcd from iiitcilciiiig in iinj waj 
whutmur with the lamp, hcjuiid tho iioces8.try tiiiiiiniiig ot the wiek 
with the pinker Thu lamp m no eiso to he hung upon tho row of 
jitops next tho goaf or old work, and not to be iieurci the swiiigut the 
goar, uii any oci iision, than two fc'et 

6 Should any hewer, putter, or any othei pirson whatever, in 
ejiurgo of a sail tv lamp, in any case lose his light, he is to l,ikc it 
liimsclf to tliu station whore the lamps ore examined, to he relighted. 
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examined, and locked by iho overman, or lomo other reeponBiblo por- 
Hon, before bomR again used 

6 It IS expressly directed that any person witnessmg any improper 
treatment of tho safety lamps by any one, shall give iinmodinto infor- 
mation to tho ovcmian in ohiirge of tho pit, so that a reenrreneo of 
suidi conduct may be prevented by the uiroiidiiig party being brought 
to ]iistico 

7 Anj ponton found smoking tobnrro in any part of tho said col- 
liery where tho safety bimp is used, or with a tobacco pipo found m his 
possession, will bo liablo to bo taken before a magistnitu No nkitibes, 
iindur any pretence whatever, to bo taken di>wn tho pit 

8 No puttor, pony-dnver, hul|iur-np, or other person, is, under any 
pretext, to curry a lamp during his work, except m special eases, 
where Uio lurtius have leave to do so from the \ioncr Ijnmps w II be 
hung .along tho gomg-roads, to aflord sulhcicut light for the pcrluim- 
ance of the work 

9 Kvety person using a safety lamp to rccoivo tho bottom p.trt of 
tho saiiio himself fnim tho hands ot tho lump koopor then ui the pit 
The gaii/o to bo taken home at the end of eueh shift, by tho pe'iwm 
using it, for tho -pnrpoBO of haimg it properly cleuiiod lioforc being 
again used 

10 Any person acting contntry to the- aboro instruetions will bo 
liable to bo taken beforo a iiiagistmtu, in oiiler that tho li\cs of tho 
workmen employed therein m.ty bo duly protected And any person 
informing agmnst any offending party or jNirtiPs will, in every case, 
bu handsomely rewarded No nding on loadcsl rages except undc'r 
spucutl uiiuigi ment tSignols, sru Act of PuTlKimcnt 

1 1 Tho huwer that keeps his safety lainji in tho hest order tor a 
quarter of a yoor, will ho entitled to a prrmiiiiii of 6» , and fur tho 
second best ‘2« 6d Tho putter to be cutitlkU to 2« Gd for tlie suiuo 
length of time 

It IS a moot point whether the men sliould take 
liome tlie lamp gausses to clean, or whether it sliould 
be done for them by the colller}^ But we cannot fail 
to leprobate the neglectful plan pursued in some mines 
of throwing upon the colliers the burden of purchasing 
their lamps, and thus e.xposing them to tho temphition 
of buying cheap and unsafe gausse. Nor can one think 
Without ire of tlie dirty, oily state of the battered Davy 
that one has seen m some of the colliery nfR(iAg 6f* 
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central districts, kept for a safeguard (■>') in case of 
fire-damp being feared as an occasional visitor. 

3. Acculenta in Shajl'i . — The breakage of tlie rope or 
chain takes place rarely from b.ul quality, more often 
from too long wear and tear of the niateiial. Some- 
times a want of proper horns or arras to the drum, 
or a settlement of the ground at the shaft top, may 
throw the rope on to the axle, and thus sever it. Any 
inequality in the surface of the rope-ioll which makC& 
the rope lap irregularly, and thus communicates a 
heavy jerk to the weight in the shaft, is diingerous, 
especially with wire rope. 8o also is the adhereuco to 
small-siKc drum and pulleys. Many lives,' again, are 
lost under the old system of raising the men in skips 
or boxes hanging free, particularly if they be snspended 
liy two chains only. The introduction of cages and 
guides ill the northern districts has greatly le.ssened 
' the liability to this class of accident Against the 
fiilhiig of stone, bricks, &c , from tbc sides, a good 
walling and occasionally overhauling and clearing fioiii 
rubbish, with a bonnet or cover over the cage, aie effi- 
cient protections. The nntiicmns deaths fiom falling 
into the shaft, either from surface or fiom mouthiugu 
opening into upper seams, may ho in great ineasuro 
prevented Iiy the use of light railed doors or wickets 
which guard the orifice until the cage comes up and 
lifts them out of the way for the tunc only during 
whieli access is needed. Overwinding, one of the 
most friglitful of accidents, where the cage with its 
human freight is carried up violently against tlic pulleys 
overhead, is to be avoided by the euniloyiuent of only 
the most trustworthy engme drivers, the use of the 
* steam-brake, a sullicient height of pulley-frame, and 
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perhaps in some cases the use of the safety aj)paratn8 
described above, m Chap. XIV. It will be seen that most 
of these casualties are prevenhble by the rooting out 
of the neglect and slovenliness which are so common, 
and by the employment of suitable and wcll-mspocted 
ap]>ariitns. 

4. Uohng into Old Works.— k great risk is inourred 
in approaching old abandoned workings, soinLtimcs 
from their containing fin*-ilaraii or carbonic aciil, but 
more copmonly from their having reservoirs of water 
ready to escape under great pressure, and certain, if 
incautiously tapped, to occasion a disastrous inundation. 
The dangcf is often satUy magnified from the himent- 
nhlc and uiibiisiness-hkc absence of pro])cr plans of the 
old works. It is recognised on all hands that the only 
prudent method of lulva icing under such circumstiinces 
is witli bore-holes in fiont and flank, kept fL\e or six 
yards a head of the working, and with tapcieJ wooden ' 
plugs ready to drive in as soon as water is tapped. The 
subject of the registration of mine plans has often been 
mooted, and by some of the highest aiitliorities, as 
essential for the preservation of life and property ; but 
under tlio ivretchcd notion of letting tilings alone, this 
humaue precaution bus never been adojited as a juiblic 
ineasure. If such plans, drawn to the true meridian, 
lUbteud of the ever- varying magnetic line, were de- 
poritcd in some accessible office, many a valuable life 
would be saved. 

5 Mi'sccllaneous Accidents — The liiihility of men and 
boys to be crushed and run over by trams and under- 
ground trams, and especially on inclines, must be met 
b\ strict discipline, and by providing separate travelling 
roads, refuge places, and sufficient signab. Many ' 
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accidents occur from people passing across the bottom 
of the drawing shaft, which are simply avoided by 
having a suitable passage at the side, and insisting un 
its being used. As to the casualties which occur from 
blasting, they ought to be entirely clini mated from 
the list : the firing of a shot in the coal, apart from 
the presence of fire-damp, entails no risk on carefiil 
men ; and in sharp stone liable to strike lire, the use 
of bronze-headed tampmg-bars and the safety-fuiSCr 
should be generally adopted. The deaths ciyiscd by 
carbonic acid and after-damp are too often due to the 
want of thought or the ignorance of the suilercrs them- 
selves, and not unfrequently to the generous daring 
with which they have rushed forward to succour othera. 
A better knowledge of the properties of the gases, 
greater caution in entering unfrequented places, iiiid 
improved ventilation must ho looked to for the reduc- 
tion of this class of perils. 

It may excite surjirise that men should be found 
willing to confront so many dangers, coupled with haid 
work mclitei less gloom. But fiimdiarity with subter- 
raneous w'orks shows a different side to the picture, and, 
although plenty of bad cases might be cited, the larger, 
well-managed collieries offer, as the life-statistics prove, 
by no means unhealthy working places. Thu gaseous 
enemies which invade them are invisible, and are 
therefore even too readily forgotten ; and the work, 
though heavy, is simple, and i eqmres very little ex- 
penditure of thought Moreover, the wages are, m 
spite of strikes and associations, ns a rule, very good, 
nay, m some cases exceedingly high, if men only choose 
to work, and have acquirctl the degree of skill which 
*wo find, even m coal-cutting, will greatly distinguish 
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certiim hewers above others. Onr Cornish miners, 
fagged by climbing, and bj' high temperature, contend- 
ing with rocks of excessive hardness, and, after all, 
earning rarely more than £3 10s. or £3 l.'is. per 
month, offer a strange contrast to colliers of the North, 
who can commonly make their 6s. per day, and have 
often houses h:cc of rent, and coals, ami schooling for 
their children at a nominal charge; and to the 
"Welsh colliers, who m a good stall of the rich Aberdaro 
coal will got tlieir 8s., or even 10s , a day.* 

Truly, ns contrasted with other men, the colliers in 
well-conducted pits have not so much to grumble over 
as they are made by their mtercsted friends to believe ; 
nor do the methods so popular among them of strikes 
and combinations, and proposnls for interfering with 
the management, appear suited to gain them enduring 
safety and comfort. In and about the juts, especially, 
it IS plain that the spirit of insubordination, and oppo- 
sition to tbo masters and tlicir rules, are ineoiisisteiit 
with the well-being of either party. And a ship m a 
storm, with all the sailors commanding, would not lie 
in a more dtuigcrous plight than a fiery colliery with 
its discipline sapped, and no one m full autlionty. 

• To quote a Rpcciol instenco, tho highest wugo imulc in Miinh, 
1866, at the Navigation ColUeiy, Mountain Ash, uati no less than 
12s, fid per day for twenty-threo tlaya 
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CHAPTER XIX. 

DTTBATION OF THE BRITISH COALFIF.LDS. 

The aatonislimg increase in tlic consumption of coal 
witliin the Inst lialf century has kept imce with tlie 
nclvauccmcnt of various arts and sciences, and liaS 
necessitated a constant improvement in the ^lethoils 
and appliances used in its extraction. Our knimledec 
of the mineral resources of this and otlicr countries h.is 
during the same time been placed on a footing so 
miu li more dufinitc than formerly, as to excite m the 
refli'cting mind, conversant ^vlth tho heavy dram now 
nialving on our coalfields, a reasonably-founded anxiety 
as to their duration 

Contented security may m its ignorance of the facts 
assume, and jiersons interested in maintaining their 
own special tnule, may represent tliat the coal-seams 
are “ practically inexhaustible,” and may stigmatise as 
‘‘alaniiiats” those who would imite attention to the 
bearings of a question so vital to our immediate pos- 
terity; but a fair examination of the statistics above 
set forth, and of the local conditions of our coal- 
bearing districts, will show that at least the time lor 
prudent forethought has arrived. 

In the last few years, accurate survevs have shown 
the certain boundaries of most of our coalfields, formed 
by the actual rise to the surface of the ground of tho 
foundation rocks, in and under which no coal at all is 
contained. In some other instances they exhibit a sur- 
face boundary, beyond which much may bo hoped for. 
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but where m miiny ciiacs the uncertainty anil eNpense 
will greatly reduce the Falue of the extended territory, 
or, in other wonls, increase the average charge at which 
the coals will be raised. 

Knowing, therefore, most of the edges, and pretty 
nearly the depth of all our recognised stores of coni, 
let us remcniher at what rate wc are now digging 
them out. The amount of coal raised in this country 
Tn 1804 shows that, BU 2 )posing 1,300 tons be obtniiied 
per foot thick jicr acre, out of 1 ,600 which it actually 
contains, there arc now clearing out in every hour, day 
mid night, for every day in the year, 4 acres of coal of 
2 feet thick — 1 acre every quarter of an hour ! There 
can hero he no rejiroduction, nothing to grow again ; 
“ we aro drawing,” as an able writer* has well put it, 
“more aud more upon a capital winch yields no .iiinii.il 
interest, but once turned to liglit, and heat, iiiid force, 
18 gone foi ever into siiace ” llow fares it wall some 
of our best- known districts’ — do they, or do tliey not, 
show sjinjitoms of a change’ In Sliroiisliire the 
workings have iiussed away fiom tlie cxlimisted western 
Hide of the iield to group themselves along thcciisteiii : 
111 Staffoidsliirc, the famous Dudley seam will in ii few 
years be as a tale tluit is told: in llic great northern 
coalfield almost every available “ roy.ilty ” is tiiken up, 
large tracts have been cleaied out, and iilreiuly jirojects 
are afoot for leaving terra fo-uia and working out under 
tlie North Sea. 

It must, then, he understood that the riqiiil exhaus- 
tion of certain distiicts, and the calculation of what 
coal remuin-s, aie not the speculations of theorists, hut 
the fair deductions fioin weights and nieusi^fcs, asciyr- 
* Mr JovouB, “On tho Coul Queiition ” * 
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taincd with a great amoout of practical care and 
ducrmiiuatioii. 

I need not refer to the older estimates of the dura- 
tion of our coalfields, for neither had the earlier writers 
any idea of tlic enormous future increase of demand, 
nor were they providetl witli the requisite data for 
reasonable a]iproxiniations. It was only in the clas- 
sical coalfield of Durham and Northumberland that 
the position and character of the scams were so well 
known to tlie viewers as to admit, many } cai ago, of 
n])j)roach to accuracy 

Hr. Greenwell, a colliery viewer thoroughly ac- 
quainted with the district, talcing the quantity pro- 
ducible Iroiii each several seam, including what lies 
below the miignesiaii limestone, as well as a nulth of 
t/io nulds vmkr the calculated in 184fi that 331 
years would, at the then existing rate, c\huu«t the 
mIioIo aica At that time only 10,000,000 of tons per 
.innuni of round coal were raised In ISoI, when the 
aiiioiiiit had reached 14,000,000, and a larger propor- 
tion of small coal ctimc to be aMiiliiblc, Mr T. Y. 
Hall, also a member of the Northern Institute of 
aiming lingineers, estimated the duration at 365 years, 
but stated that it would be reiluced to 256 years if the 
demand weie to increase to 20,000,000. And now , since 
the output has m lb04 leached upwards of 22,000,000 
of tons, and there is c\ery reason to e\pcct .i coust.iiit 
iiiciease of piodiution, it is ulirious that the time tliiis 
cKl limited must be greatly abbreviated, and that Sir 
AV ill lain Armstrong, 111 calling atteii non to the rapid ex- 
liaustion of coal, iii his address at Newcastle m 186J, 
bused his argument on no unsound foiiudation. 

' In 1850, Mr. Edward Hull attempted the moro 
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ambitious task of mtaklng a similar calculation for tlic 
whole of the British coalfields. As a laborious geolo- 
gist on the Government survey, Mr. Hull had enjoyed 
excellent opportunities of learning tlio structure of 
several of the coal districts, but witli respect to otliers 
had to rely on data of various authority. In each case 
he has measured the available area, has adopted from 
the sections an average thickness of workable coal, and 
dfailuctcd from the total quantity thus obtaiiieil an 
allowance (no doubt dillicult to agree upon) for the 
denudation of the ujiper seams. A large fraction is 
then allowed for quantity worked out, and loss iii 
fiitiue workings, leaving us a total amount in stuck of 
about 8t), 000, 000, 000 tons for the entire kingdom. All 
the coal lying at a greater depth than 4,000 feet is 
excluded from this estiuate as being beyond reaeli, 
lint a very large area, amounting to au increase of one- 
third, IS added to the coalfaolds, for cxteiisiou beneath 
newer formations. 

AVe may cavU at some of Mr Hull’s uimibers, and 
disagree with Ins notions about the limit of ileptli, but 
Ins little book is a creditable bumniary of the chief 
features of our coal rcsoiuccs, and Ins aiipioxiuudu 
general estimate the only one which is so tounded on 
facts as to deserve attention ; whilst csiieeially on the 
subject of reaching coal beneath the i’erniiau and 
Tri IS formations, no previous author law iippioaclied it 
with the same amount of iiractical knowledge. AVhen 
we pass from the descriptive part to the reasoning on tlie 
coal supply, we find arguments of a more qiiestiouablo 
character, some of which have siiico been combated by 
Mr Je^ons in his clear and foi-eible work, “ On the 
Ooal Question,” whilst others aiqiear to have led lo* 
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false concluNiotis as to the rate of progression of the 
consumption. 

It seems th.at in twenty years, ending 1860, the 
(luantity of coal raised in Great Britain was more than 
doubled ; but are we tliencc jnstitied in behoving that 
in the next following twenty years it will Iks again 
doubled, and so on in geometrical progression ? On 
this view of the subject, little more than a century 
would see this country utterly deprived of the main- 
spring of its mercantile greatness. Manufactories 
without tlieir motive power, iron-fiirnaccs blown cut, 
railway trains brouglit to n standstill, steamers re- 
lihiccd by sailing ships, our streets left to the gloom of 
oil lamps, and our tiregrates eiiijity, — such would be 
the dismal prospect of a nearly npproacliing time, could 
wo give credit to such an inference > 

1 think, however, that the assumption is based on a 
falhicy, and that although the numbers for certain 
jears appeared to fit such a conclusion, the increase to 
our production of from 2,000,000 lo 3,000,000 of tons 
annually, serums as it undoubtedly is, will keep us 
within eomp.ir.itively mwler.itc tigures for a long time 
to eoine, and at all events deter, ns legards the country 
at large, the evil day for two or three eeiitiines.* But 

* In Fninco it has litv'n obKcrwil, that the prixliiitinn of i'o.il has 
BimiUrly tieen duuhlud utlcT oicrj pt-nod ol twcho ti> UmrU'on jears. 
Urns, — 
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beyond this, it is a question whether even the present 
rate of increase of production can long be continued, 
and whctlier there aio not causes at work which will 
tend to raise the price and limit the consumptioii. 
Onr H])ccial position ns the first inaniifaeturing people 
depends in great part upon the ihea]>ne8S of our fuel, 
and any considerable increase in pru'c, as conipired 
wj^th that of other countries, would soon be deeply 
felt* At present Belgium, France, and Westphalia 
are unable fully to compete with ns ; and Eiiglisli coal 
takes possession of the seaboard of the Continent, and 
in numerous cases ascends the rivers for long dibtnnees 
towards the centres of coal production of those coun- 
tries. And niiiidry reasons may account for the fact. 
Nature bus been bountiful to England not only m the 
quiuitity, but iii the comparative regularity of the coal 
sciinis. In the bos>t pits in Fiance and Belgiain the 
large, or rouruly coal is seldom more than 4.) per cent, 
of the whole, and the general average is far less. The 
disturbed position of the beds also reridcis tliem more 
difficult to work, and luvolves an expense in the mcie 
item of prop-wood alone of to Is pi-r ton, whilst m 
many ol our districts in others Ik/ , on the ton may 
be the average. 

Blit if we are to be checked m tlie race, the niiaduef 
IB likely to proceed in great part fioiii an internal 
canker, from the irregularity and combati\eness of the 
men. What with the peculiar socialistic views so 
common among them, and the facility with winch their 
orgiuiisatioii, under skilful delegates, enables them to 
threaten their masters, the uileileieiieus, stoppages, 

* Forani,mtPrly ItPatinoiit of this imiiorliiiit urguinuul nee Jovoub'b 
“ Cool Ciucation •’ ^ • 
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siiul irikirriipfioiis to tlie working of collieries nre 
liecoming an evil of siicli weight as to constitute an 
additionul charge on the ton of coal. It would he 
quite out of place licrc to discuss the subject at any 
length ; but it must obviously bo taken into account 
m Ibnning an estimate of our power of production. It 
might bo Hupposed from the frequent recurrence of 
strikes, that the colliers, as a class, arc ill-iiaid ; but 
when we find wages of from .'5s. to 12s. a day — The 
rate for good hewers from Newcastle down ^o Pouth 
AVales, we cannot but sec tliat there arc other huge 
classes of working men iii the kingdom, bringing equal 
skill and labour to bear upon their task, with a much 
less satisfactory result. The rate of payment is fairly 
bnmght to the test of experiment, being in most dis- 
tricts so much per tub or cart of kiioMn capacity; 
in the north, so ninch ]>cr score or per ton, and each 
]ut having there a weighing ntticlunc, at iiliich a 
man is commonly statioueil to watch the weighmg 
on behalf of the colliei.s. 

If, therefore, witli these mdneements to steadiness 
of woik, a skilful collier iievertlieless joins in the strikes 
and nguation for short hours, weekly pays, witli all 
the concomitant idleness, limitation of quantity to be 
got, exclusion from the pits of boys umler a lertaiii 
age, and sarious otbei niterf'erenccs winch mavbc more 
or less objectionable m difl'creiit districts — that iniui is 
adding a weight ag.iinst his own iiatiuu m the balance 
between on i selves and the foreign coal inodneer. 

In a discussion on the duration of co-il, we should 
bc.ii in mind that it is one thing to obtain a certain 
iimouiit of fossil fuel tolembic m quality, hut dear from 
* liciug wrought under diificnlties, and another thing to 

»2 
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occupy our present position of raising the best qualities 
at the lowest prices. Most of our best districts are 
being stripped at a fearful rate : * the purest liouseliold 
coal of tlie north, the “WaHsend” of the London 
trade, the Dudley thick coal, the Wigan caimel, tlie 
Aberdure steam-coal — ^where will they be liflty years 
hence ? And yet there is no help for this ; niid all we 
have to see to is that they ai'e made away with to the 
bcA advantage. But the question follows : when tlie 
cream of • our coalfields has thus been enjoyed, what 
have we to fall buck upon to maintain, at least, our large 
production, even if we arc uuaidu to keep up a marked 
Iciul^ There will be the seams that are (Miarser m 
<iuahty, that are tliiiiiier or deeper, and those about 
which tlicreniay be much uucei faulty, ns, for cvamplc, 
where it may bo required to sink through o\eTlyiiig 
fornuitions. A cloud of diflicultics arises ; but there are 
rays of light around it ; “ dirty *’ coals will be more com- 
uionly treated by washing pioccsscs — thin Heains now 
ueglocted will tiiiii out useful ; for if wo can alrc.idv 
work 12 and 14-iiich coals in Some'isetsliu’o, ^\lly slioidd 
2 feet be elsewhere called uuwork<diie '' And then as to 
depth, the improvcincul of both puinjnng and winding 
engines is rendering tliat element of didiculty — within 
moderate limits — a matter of no very great import. 

Hero, however, we arrive at a tojiic frmiglit with 
much interest. In South Wales and Liiiicasliire, in 
the coal measures, and m cerbiiu districts wdiere the 
surface is occupied by the red sandstones of the Thus, 

• In order rif^htly to appreunto the rate of e\1i.iiiNtion of llio cn il, 
WH ninst add to the 98 milhone of tonii relumed for 18ti5, a fiirtln r 
amount for wasted slack, bainom, fcnlt> coal, At , of probably not luja 
tbaii dO uuUions ui tosa. 
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we may have coal scamH hulow ns at 5,000, 8,000, or 

10.000 feet deep. Some of tho authors above quoted 
tliitik tliat the limit of accessible depth is 4,000 teet, 
beyond winch tlie incix'asc of tcmpenitiire would pre- 
vent the possibility of workm"; but a considerable 
experience of deep mines induces me to believe that 
the (bniciilty of tenipernturc may, by due appliances, 
be overcome to a much greater depth. 

It IS sulliciently well known that experiments made 
m the mines of various countnes show tbat* below a 
eertniii jtoiiit of invariable tcmperatiin* generally roaclied 
at 10 to 20 } arils, the teiniterature of the rorlc and of 
w'ater contained in it increases at the late of 1“ Fahr. 
for every (50 or 70 leet of descent * The air uliieh 
travels down into the woi kings is soon boated; but 
passing off, and thus cooling the walls of the excav.i- 
tions, and constantly replaced by ficsh an from abo\e, 
it enables woik to be done wuth comfoit in our deepest 
jircsent iinnes It must lie lulmitted th.it the first 
opisniig of the levels or drifts at a depth of 1,.’'.00 to 

2.000 feet deep is a hot task; but after finding the 
till rnioineter in sueh cases at fioiu 7.5° to 88 in a close 
end, 1 lia\c observed that when the air has once cir- 
culated beyond such points for a period of a few necks 
oi inonths, the tcmpcr.ature has sunk by so many de- 
grees as to admit of further woikmg with fiieility. 
Thu most remai kablc case of this rapid cooling, ivitli 
which I aiii ai-qiiaiiitod, is at theCliiloid Amalg.iinated 
IVlines 111 Coiiiw.ill, wheie, in the 230-f<ithora level 
(l,t)50 feet from siiifice) the air (July, 18(54) vras 1(54 
Fahr , and close to tho issue of a hot spring of 122^, 

, I* lliCPTircmc iinutiongof iiicivraont, pvipt where tlicrm.il opniigii 
BTO iiruwint, ore liS tuot to 8S feet for one degree Fithr. 
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ovcnhiglier ; Lat "where, m the 220-fsithom level (1,590 
foot deep), it was only 83°, although when first open- 
ing, n year or two before, it had boon at 1 00*. 

Tlic liile Mr Eogers, at Aboreimi eolliory, m sinhing 
a shall 111 1851, supplied conl])l^'8sed air to witliin n 
few feet of tlio men at work, which — ns I tested iit the 
tunc — in its escape flora the pi]ie, cooled the jnt bottom 
hcieial dcgi'ces. No doubt, tbeiefore, th.it what wutli 
.1 good ventibitiug power, and occiisioiiiilh, it mny be, 
by the ind of coinpressol an, the first ■winning -works 
maybe quickly reducal below the normiil (einpciatuie 
due to the depth, and the subsequent woi kings be 
rendered couipniatively cool- 

Jt IS not eoinmonly known tlnu in tlic pioviiiee of 
Iliiinault, m Belginni, ca-il is woikmg at the deiitli of 
2,820 feet (8(10 niiStres), at the eollioiy r/rv luur*, at 
Gilly, near Cliarlcioy, and tliat one ])it at the 'mine 
place hn.s been sunk to the serious depth of 3,411 feet 
(1,010 inctieH). * 

Willi regaid to other dilllcaltlcs ollered hy grOtUt 
deidlis, our present best methods of raising the water 
and coal are, no doubt, capable of dealing with a 
considerahly greater depth than has yet been attained. 
For still deeper pits jt may be suggested eillier tb.it a 
jilaiit of engines be estiibbsbod halfway dow'ii, and tlie 
work thus cftected by two lifts, or that reeijiroeating 
rod's as in the Valwhinst or Cornish innri-eiiginc inay 
be fitted, as proposed hy Mfliu, and by (bubal, to 
bring lip a constant succession of inai-tiibs; and 
although such modes have not as yul. hueii made 
practically economical, wo may rest assured that the 
Bdiuc art of mining, to which the jrablic is mainly 

• Prof Trasonsltr, of Li£gc, MS comniuniLalion, ISOO, 
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itidcLtcd for llic iin])rovcmcnt of tlic st'CiiTn-ciigiiiu iiiid 
for tlic raihviiy, will not rest without further develop- 
ment of its apidiances.* 

Tf then, as wc have reason to assert, oiii liettcr and 
more acei'ssihle coiils arc hcing so fast wrought out as 
lo tlrcaten an early change of conditions, what, it maj 
be asked, can lie done to prevent their e\liaustion ? 
Our home consumption must increase, if we arc us a 
natirn to advance in prosperity, and its only cheek will 
be fniin an incicaxe of the jirice at which it can be 
delivered to theeoiisiiniei. Tins, however, as foiu|i,ircd 
With the cost of prodiution .'ibioad, will be tlie tinning 
point m our inogross. As legards oiir evporls, wlmli 
have risen siiieo 1S41 fiom to neaily U millions 
of tons, constituting almost a tenth of our prodiiel ion, 
;t has often been suggested, and bv grave iiutl ion ties, 
that a tax should act as a clieck ; but sueh an impost 
w’ould undoubtedly be open to serious objections. It 
lias been lield by certain wi iters tliat the expoits are 
sure lo dnininsh because other nations aie developing 
their own coalfields, but a little attention to the 
statistics given above will show that dining the veiy 
jienod of the multiplication, sixfold, of our exports, 
Frauee, Jlclgmni, and Geiniany have been inei easing 
their output no less reiiiaikably than ourselves The 
f.ict IS, that all the active iiiitioiis of tlie woild arc 
every jear retiuiiing iiioie coal than before, and a fair 
iiiiereiice is tli.it what goes abioiul as well as wliat is 
(onsiiined at home will 1 k' an nieroasing quantity, 
until a higher piiee jici ton operates as a check. 

• An intcTPsling 11|I|\||^^ into tins gutiii'it, Milti Riipjtestions fop nerw 
iipiui'ilii'i, mil 1)L' fiiniiil in UmilUv, “W I J j/ihilutioit tU la JloiiitUa 
' la pru/uiiiliat tC au moms iiiilli metiis " Lu'gc, 18^9. 
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But altliougli we arc thus carried avray by the stream, 
it behoves us to take every precaution to navigate our 
craft in the best manner. There arc many things in 
onr individual and collective mode of treating coal 
mmes avLicIi slimild bo better looked to in the interest of 
those nho follow us. We must admit that amid the 
im-shiirc of competition, it is hardly possible to do 
otherwise than take out m the cheapest way whatever 
pays best ; whence the strictures somctinics passed upon 
our wasteful procedures ore, however true ns regards 
the nation at large, scarcely just to individual workers * 

The great waste of small coal, although of late years 
less ilagitions than formerly, is still a lamentable extra- 
vagance j for it IS not too much to say that millions of 
tons of it aro buiicd up annually, in gohs, stowage, 
crashed pillars, A:e. The remedies winch we may hope 
to sec gradually aiipliod, are as follows 

1. The best selected mode of laying out collieries, 
both as leganls freedom fioiii crusli and creep, avoid- 
ance of an excess of narrow or s(/atr oiienings, and 
judicious direction of the bords or woiking faces. 

2. The more general w'aslung of smalls. 

3. llio extended use, partly by means of new forms 
of turnace, of slack and the siiialJer varieties of screeued 
coal (/icflwe and chfjT) for manufacturing purposes 

4. Employment of the best methods of eoLiiisr 

• ‘ II ost imposHiblo en Tojunt coin, dr no p.is pri'supnlir qu'on \,i 
twraver a ch-iquo pas los Aii(;luis iibusaiit dos uvauta^ s n.itiircla (jii’ils 
ienionlri.nt dims les gites houiUm do lour p.y s " — h\tnu t iniiii .i 
report llurat, "jUfilrjrirfiiM J/sMiffi-m’’ 1S6^ It is siitisfattor^ In 
1)0 ablo to inionn our I’luneh critic that, at tho ri.lluTy 'whiih sugKcsti-A 
bis lenmrk, tbo state ot things is alruuly iiiiproiul, simply m tonsil, 
quence of the lucrtiising demand for slutk for uiuiuUitUirios. ‘ 
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.■). Improvement in the making of coal-bticks or 
“ patent fuel,” * and 

G. Last, but not least, the application of coal-cuttiii<f 
machines, some of which appear to be verging close on 
practical utility, will be the advent of a saving that may 
give us years of prosperity. 

A miserable sight it is too, to see a part of a seam, 
tlio “ roofs ” or “ benches,” us the case may bo, whrm a 
parting becomes so thick, as to prevent the whole group 
of beds from being conveniently worketl togetfier, aban- 
doned and left uncoied for, with the probability that, 
uheii the jiresent generation has died out, theie willLe 
no sign to show that there is still 1 } mg there, neglected, 
a tract of what at some liitnre day might oiler a proHt- 
ablo w 01 king. And iiitoleiuhle, ngiun, it is to ohserie 
eoniers and plots of ground sacrificed on account of tlie 
nil oiiveiiient division of on the surface; 

when often the avarice or moptness of some holder of 
surface fields operates as a hui to the regular working 
of colliery pi oprietons, and of com sc .is an oksbielc to 
tlie develojiment of the national store 

It appcMr-s hardly credihlc, when we consider how 
easily these, souiees of sheer waste might be indicated 
111 the maps, and when we remciiibcr the uncoitamty 
and the d.iiiger to liiimau life of ajiproaehmg old 
workings, that no arr.itigeincut has }ct been ui.ide for 
the registiy and preservation of jiroiier mining plans 

* Tho lat^u proportion of mail in the Ilcl);i in md Freiah coal has lod. 
till' iimtini'ntjil lolliory propnctuni and inui.liiiiisls to demto nftith at- 
iLiituin to the ni iniif uturci ut ii igai lit* or ri/ahiai n n hah, « hon « oil 
m.olr ini ot with a liiqpj wile Opinions at present larr us to the host 
iiiuUiud ot cuincntmg Ihu uni fragments, nnd much stress is laid on 
Ijiu suhstitutioii, fur piUh or Ur, of f iniMLouus nutter, as lirst, I 
* hclit%u, pnictisud at Fuufkitchcn m lliiiigury 
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In no otlier couiitrj-m Eiiiopo is there sucli a laxity in 
a matter of vital* importivncc to onr BuccesRors. Under 
the Inspection Act overj*^ colliery is bound to keep uj) 
plans on a certain scale; but how partial is the tulvan- 
tage, when at the end of a lease tlie docninciits are sub- 
ject to bo lost or destroyed! Aud unless the (lovern- 
niont, on behalf of the nation, nisists upon the deposi- 
tion of duly guaranteed mining jilang in a suitable 
otihe, and lessors and lessees co-ojier.ite in rendeimg 
available, at a future day those tracts which the ex- 
igencies of trade jirevoiit ns from tiirmiig to jircsent 
aceoniit, we remain open to the charge of an iinwoi thy 
stewardship of tlic riches which a bountiful Natuio 
has committed to our care. 
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